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WE DEDICATE THIs BOOK to Ulysses S. Seal, world-
renowned scientist and author, and conservationist
extraordinaire. Colleague to all of us, and close friend
to many of us, Ulie personified a true genius, breadth
of knowledge, enthusiasm, dedication, and accomplish-
ment that inspired us all. While long active in pursuing
his interest in the ecology, behavior, and conservation of
wolves, he also applied his keen mind and abundant en-
ergies to numerous other species, fostering their chances
of survival and thus bettering the world. We thank him
for this and for the unique opportunity to have worked
with him.
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FORWARD IS THE NATURE of this book. It brings for-
ward an immense, scattered literature of research on
wolf biology, ecology, and behavior, coupled with salient
materials on the conservation issues that surround this
charismatic creature. Evident from the outset of this
comprehensive volume is concern that we assemble
credible information. The intensity of such efforts over
the past thirty years is reflected in the record of research
by the chapter authors. I see this intensity and the sheer
number of scientists and natural resource managers and
agents cited throughout the text as evidence that many
of those involved deeply care about the fabled subject of
their studies. And the final chapters and conclusion
make it very apparent that caring for the wolf’s future re-
quires social and political skills and sensitivity as well as
scientific credibility.

Editor-authors L. David Mech and Luigi Boitani
show very persuasively that crucial to conservation of
this fascinating animal is the realization that the wolf is
no longer an animal of the wilderness, symbolic as it
may be of wilderness for many. They assert simply that
people must therefore come to accept the necessity for
management control of wolf populations if the animal’s
survival is to be assured. What a sobering conclusion this
is for many people who extend their empathetic feelings
for dogs to the ancestral wolf. Likely supporting bases for
this biophilic empathy are the social nature of the spe-
cies, its exceptional abilities to communicate, its care-
giving behavior, and the transferability of its bonding
capacity to people. The wolf is thus well constituted to
command our attention to its survival. And its survival
is important in some measure to the survival of biologi-
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cal diversity in the environments it occupies. While
no longer an icon for pristine wilderness, the wolf is a
symbol for conscientious caring for the environment,
for conservation that is enduring. And the admirable ef-
fort that the contributors to this volume have made to
provide the information on which such a conservation
commitment should be based is to be celebrated and
emulated.

Why should we care so deeply about another species?
The question comes to what values predominate in our
concerns and prevail in our behavior, culturally diverse
as we are. While there are ecological and economic as-
pects that we might consider, more significant are po-
sitions on ethical and biophilic values that we hold and
manifest. Ethically, we owe other people and future hu-
man generations the opportunity to share environments
with the wolf. That we also owe coexistence to the wolf
and all other species is an extension of this human soci-
etal consideration, which is widely accepted today as a
moral obligation. Biophilic value, or deep innate appre-
ciation for another living entity, is little understood.
However, qualities of plants and animals that are at-
tractive to us appear to reinforce this affiliative instinct.
Beauty, power, and mimetic behavior are examples, and
the wolf has such qualities in full measure.

From my own studies long ago of wolf behavior, and
my contacts then and since with several of Durward
Allen’s students, I have great appreciation for the deter-
mination needed to document fully the nature of the
wolf and its complex of relationships with people, their
domesticated animals, and the environment in general.
Impressively emergent from the accounts in this volume
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is the extraordinary flexibility or adaptability of the wolf,
rivaling our own plasticity in many ways. As people take
away such impressions and extract detailed information
from this great compendium, they too will surely come
to have greater appreciation for the wolf and, I hope,
greater commitment to its survival as a significant part
of diverse environments throughout the northern hemi-
sphere. These outcomes will well honor our friend Ulie

Seal, collaborator with Dave Mech and others on meta-
bolic studies of wolves. Ulie, as chair of the Conservation
Breeding Specialist Group of the Species Survival Com-
mission, J[UCN, was a man who dedicated much of his
professional life to helping conserve biological diversity
around the world by applying rigorous science along
with his own very persuasive style of communication.



MORE BOOKS MAY have been written about wolves
than about any other wildlife species. A quick survey
of our bookshelves yields a count of forty-one. So why
another one? Because none of the others presents the
comprehensive, up-to-date, and documented treatment
that we strove for in this one. None of them combines
the 350 person-years of research experience with, and
knowledge of, wolves that our authors bring to the proj-
ect. We have attempted here to synthesize as much of
the scientific and scholarly literature on the wolf as we
could.

And the time for this project is right. Not only has the
study of wolf biology blossomed during the last few de-
cades, but wolf populations themselves have prolifer-
ated, expanding their ranges into areas that have not
heard their howls for over half a century. Thus new gen-
erations of humans are viewing the wolf in new contexts,
and with fresh perspectives.

Science, too, has now scrutinized the wolf in a revolu-
tionary way. The new tools and techniques that became
available just after the most recent book that synthesized
wolf information was published (Mech 1970) yielded a
treasure trove of information undreamed of at that time.
Radio-tracking, first applied to wolves in the late 1960s
(Kolenosky and Johnston 1967; Mech and Frenzel 1971a),
has since unlocked multitudes of puzzles about the
wolf’s life. In Minnesota alone, about a thousand wolves
have been radio-tracked (Mech 1973, 19793, 1986, 2000c¢;
L. D. Mech, unpublished data; Van Ballenberghe et al.
1975; Fritts and Mech 1981; Berg and Kuehn 1982; Fuller
1989b). In Alaska, over a hundred radio-tagged wolf
packs had been studied by 1991 (Stephenson et al. 1995),
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and such studies are ongoing. Nine monographs based
on radio-tracking of wolves have been published (Mech
and Frenzel 1971a; Van Ballenberghe et al. 1975; Fritts and
Mech 1981; Peterson, Woolington, and Bailey 1984; Bal-
lard et al. 1987, 1997; Gasaway et al. 1983; Mech et al. 1998;
Theberge and Theberge 1999). Radio-tracking produced
detailed information about wolf movements and spac-
ing, but also fostered and aided in many other dimen-
sions of wolf research.

Although most of the above work was done in North
America, field research also began on wolves in other
parts of the world at about the same time and is now
flourishing. Pulliainen (1965) in Finland, Zimen and
Boitani (1975) in Italy, and Bibikov (1975) in Russia
paved the way, and the formation of the World Conser-
vation Union’s (IUCN) Wolf Specialist Group in 1975
(Pimlott 1975) fostered international exchange of infor-
mation about wolves and wolf research techniques. At
present, wolf studies have been conducted or are under
way in Saudi Arabia, Israel, India, Mongolia, Romania,
Croatia, and several other countries. These investiga-
tions have added considerably to our knowledge about
the wolf.

So both wolf populations and knowledge about
wolves have expanded so much in the last 30 years that
a new synthesis of information was imperative. When we
pondered this problem, we concluded that the only way
such a project could get done was as a collaborative ef-
fort. As the amount of information about wolves ex-
panded, certain scientists specialized in and became
authorities on various aspects of wolf biology. We chose
each of them to cover these specialties in separate chap-
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ters. A total of twenty-two authors have contributed to
this book.

To launch the project, we held a two-day meeting of
the chapter authors in Tuscany, Italy, in 1994. There each
chapter’s senior author presented his or her proposed
chapter outline for all of us to critique. Areas of overlap
were identified and resolved and missing material was
added. Enthusiasm flourished, and we all dispersed and
set about to tackle our assignments.

Then reality set in. Even when the total task was
divvied up, it proved formidable. Each author had to su-
perimpose his or her contributions on an already full
schedule of teaching or research. Instead of taking two
years to complete the project, it took seven. Meanwhile,
more wolves were radio-tagged, more data came flood-
ing in, and more papers were published.

Of course, there is no end to the data stream, so all we
could do is work in the latest findings as they appeared

for as long as the production process allowed. The on-
going studies of the biology of the reintroduced wolf
population in Yellowstone National Park are particularly
productive and will greatly promote our understanding
of the wolf. We have tried to incorporate as many of the
new findings from Yellowstone as we could, but certainly
more will be forthcoming.

We hope this book will provide a lasting foundation
on which to build new studies. We also hope it will pro-
mote a much better understanding of the wolf and fos-
ter ecologically sound wolf management. Together, re-
search, public understanding, and proper management
should help minimize the inevitable conflicts between
wolves and humans and better the chances for wolf con-
servation worldwide. To this end, the authors and editors
of this book are donating all of its royalties to the Inter-
national Wolf Center.
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THE WOLF IS TRULY a special animal. As the most
widely distributed of all land mammals, the wolf, for-
mally the gray wolf (Canis lupus), is also one of the most
adaptable. It inhabits all the vegetation types of the
Northern Hemisphere and preys on all the large mam-
mals living there. It also feeds on all the other animals
in its environment, scavenges, and can even eat fruits
and berries. Wolves frequent forests and prairies, tun-
dra, barren ground, mountains, deserts, and swamps.
Some wolves even visit large cities, and, of course, the
wolf’s domesticated version, the dog, thrives in urban
environments.

Such a ubiquitous creature must, as a species, be able
to tolerate a wide range of environmental conditions,
such as temperatures from —56° to +50°C (—70° to
+120°F). To capture its food in the variety of habitats,
topographies, and climates it frequents, the wolf must
be able to run, climb, lope, and swim, and it performs
all these functions well. It can travel more than 72 km
(43 mi)/day, run at 56 —64 km (34—38 mi)/hr, and swim
as far as 13 km (8 mi) (P. C. Paquet, personal communi-
cation), no doubt aided by the webs between its toes.

The wolf leads a feast-or-famine existence, gorging
on as much as 10 kg (22 pounds) of food at a time, but
able to fast for months if necessary. Nevertheless, if all
goes well (which for most wolves it does not), wolves can
live 13 years or more in the wild (Mech 1988b) and up to
17 years in captivity (E. Klinghammer and P. A. Good-
man, personal communication).

As might be expected, a widely distributed animal like
the wolf varies physically all around its circumpolar
home. The desert-inhabiting variety of Israel can weigh
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as little as 13 kg (29 pounds), whereas its northern tun-
dra cousin can reach over 78 kg (172 pounds). The wolf’s
color varies across the entire black-white spectrum, with
most wolves tending to be a mottled gray (Gipson et al.
2002).

Wolves live in packs of up to forty-two, but can sur-
vive even as lone individuals. Although wolf packs are
usually territorial, where necessary, they can migrate
hundreds of kilometers between where they raise their
pups and where they take those pups in winter to follow
their prey. The great variation in the wolf’s environment,
and in the creature’s behavior and ecology as it contends
with that environment, makes generalizing difficult.
This problem can lead to false generalizations and mis-
understanding about the animal.

Although wolves have provoked human beings by
sharing their domestic and wild prey without permis-
sion, these predators have withstood humankind’s re-
sulting assault on them everywhere except where the
ultimate weapon, poison, has been used. Given half a
chance, wolves have responded by repopulating suitable
areas with remarkable success. In the process, wolves
have gained the support of many humans and have be-
come a conservation challenge— one that is rapidly be-
ing met. This animal that sits on its haunches at the top
of the food chain has become a symbol of the wilderness,
an icon to environmentalists, and a poster child for en-
dangered species recovery efforts.

Because of the strong feelings that both wolf haters
and wolf advocates hold, it has been hard to sell the truth
about the wolf—folks of each viewpoint resist accepting
information they believe supports views opposite their
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own. Yet we must at least present the information as best
we can. In this respect, we have tried throughout this
book to draw valid generalizations where possible while
indicating where lack of information precludes them.

In the following pages, we and the chapter authors
have assembled and synthesized the considerable
amount of information available about this fascinating
animal. This book, however, is not a collection of all
works on the wolf, but rather a compendium of basic in-
formation. To have included all of the worthy published
material about the wolf, or even to have referenced it,
would have been too much for writers and readers alike.

We start by discussing in chapter 1 the wolf’s basic
social ecology; that is, its pack structure and spacing,
natural history, and movements. Why do wolves live in
packs? The answer is not as simple as once thought.
What triggers dispersal? How do wolves defend their ter-
ritories? These and many other questions are examined
and discussed.

Chapter 2 focuses in more intimately on the wolf and
dissects the details of individual behavior, courtship and
reproduction, parental care, pack social dynamics, com-
petition, aggression, rivalry, leadership, and rank order.
How important and pervasive is the wolf dominance hi-
erarchy for which wolves are so famous in the popular
literature? This chapter explores this and many other
questions in depth.

Focusing even more tightly, chapter 3 discusses wolf
communication. Here wolf howling and other vocaliza-
tions, scent marking, body postures, and other signifi-
cant signals are covered in detail. The composition of
wolf urine, the influence of hormones on communi-
cation, the nature of wolf hearing, seeing, smelling,
and tasting, and the role of wolf senses in the animal’s
dealings with its environment constitute much of the
chapter.

Once these basics are dealt with, we turn to the be-
havior that has brought the wolf so much infamy—its
food habits—in chapters 4 and 5. Chapter 4 approaches
the subject with an overview of the wolf’s predatory
adaptations, its digestive system, general feeding habits,
specific foods, and basic hunting behavior. The wolf is
shown to be superbly adapted to its carnivorous lifestyle,
from its forty-two teeth and massive jaw muscles to its
large stomach capacity and thorough digestion.

Picking up where chapter 4 leaves off, chapter 5 ex-
amines the challenges wolves face in trying to procure
their prey. With quarry ranging from the fleet and alert

white-tailed deer to the massive moose, muskox, and bi-
son, the wolf must find, catch, and kill regularly. How
does it go about overcoming all the many antipredatory
adaptations these animals have evolved? The many de-
tails of this vast subject constitute a large part of this
chapter. Just as important, however, is the chapter’s
other main topic— assessing the influences of wolf pre-
dation on prey populations. Lack of agreement charac-
terizes several aspects of this topic.

Less controversial, but still a dominant aspect of
wolf behavior, ecology, and conservation, is the subject
of chapter 6: wolf population dynamics. Wolf produc-
tivity, density, survival, mortality, population change,
and population regulation are all discussed and ana-
lyzed. Relationships between food supply (prey bio-
mass) and several demographic and ecological factors
are explored, and the pervasive effect of food supply be-
comes apparent.

After all the above extensive and external topics are
covered, chapter 7 turns to look inside the wolf. “The In-
ternal Wolf: Physiology, Pathology, and Pharmacology”
first examines hormonal aspects of wolf reproduction,
then development, basal metabolic rate, and nutrition.
Then it details internal threats to the wolf’s health, in-
cluding parasites and diseases of all sorts. Because wolf
research and health management of captive wolves are
becoming increasingly important, the chapter also in-
cludes a discussion of drugs used for anesthesia, capture,
and treatment of wolves.

Also delving deeply into the wolf is chapter 8. Featur-
ing the relatively new but highly enlightening techniques
of molecular genetics, this chapter presents some novel
perspectives on wolves. Through modern biochemical
analyses, wolf DNA can be parsed, and various infer-
ences can be drawn from the results. Some of these con-
clusions challenge existing ideas: was the dog domesti-
cated from the wolf about 10,000-15,000 years ago, as
has long been thought? Or much longer ago, as molecu-
lar analyses suggest?

While chapter 8 uses new technology to get at ques-
tions of wolf taxonomy and evolution, chapter 9 uses
long tried and tested methodology to examine many of
the same issues. Fossil evidence and skull measurements
are used to trace the long path of evolution the wolf’s
ancestors followed, the relationships among wolves of
different geographic regions, and the possible hybrid-
ization of closely related forms. Nicely complementing
chapter 8, this chapter provides one more important



perspective on these subjects. We hope that interested
readers will examine chapters 8 and 9 closely and judge
for themselves where the weight of evidence falls in any
of the areas where their conclusions differ. The conclu-
sions of both chapters depend greatly on inference, and
in many cases the data base for the inferences is neces-
sarily more meager than science would like.

Chapter 10 deals with the many interactions wolves
have with prominent animals in their environment other
than their regular prey. Species such as bears, tigers, and
cougars not only compete with wolves for prey, but
also sometimes kill wolves or are killed by them. Other
smaller creatures, such as coyotes, foxes, ravens, and
eagles, scavenge from wolf kills and can consume large
amounts of the wolf’s hard-earned bounty. Chapter 10
outlines these interactions that form such an important
part of the wolf’s life.

Chapter 11 differs from the others in that it does not
cover a specific aspect of the wolf, but rather is devoted
to describing the recovery of the red wolf (Canis rufus).
We devote a whole chapter to this subject, while cover-
ing other wolf reintroductions as parts of other chapters,
because the red wolf is a special case. The red wolf is the
only long-recognized species of wolf other than the gray
wolf, and scientists disagree on its taxonomic identity. Is
the red wolf really a separate species, or might it be a sub-
species of the gray wolf? Some scientists claim that the
red wolf is a hybrid between the gray wolf and the coy-
ote, while others dispute that conclusion. All workers
agree, however, that the red wolf is endangered. Thus,
after several years of raising remnant members of its
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population in captivity, the United States Fish and Wild-
life Service reintroduced the red wolf into part of its
former range. Chapter 11 follows the progress of that
historic endeavor and summarizes the lessons learned
from it.

That topic leads nicely into the larger subject of chap-
ter 12, the wolf’s interactions with human beings. It
is that very subject that makes this book possible and
necessary. The chapter tracks human attitudes toward
wolves through history and many various cultures. It
documents the effects of wolves on human activities and
vice versa, including wolf attacks on human beings and
human extermination of entire wolf populations.

Concluding the book after the thought-provoking
chapter 12 is our chapter on conservation of the wolf. Al-
though human beings were responsible for the demise of
the wolf throughout much of western Europe and most
of the contiguous United States, the human species sud-
denly realized its mistake and began trying to conserve
the wolf and restore it to parts of its former range. Chap-
ter 13 details these efforts and projects an optimistic fu-
ture for the wolf— a fitting conclusion to this book.

Down through the ages, the wolf has never had a neu-
tral relationship with humanity. It has either been hated,
despised, and persecuted or revered, respected, and pro-
tected. It has been, and continues to be, a subject of
myth and legend, folklore and fairy tale. This book is
meant to temper those misrepresentations by presenting
a scientific view of the animal— one that we think is
even more interesting, and certainly more accurate.






THE FIRST REAL BEGINNING to our understanding of
wolf social ecology came from wolf 2204 on 23 May 1972.
State depredation control trapper Lawrence Waino, of
Duluth, Minnesota, had caught this female wolf 112 km
(67 mi) south of where L. D. Mech had radio-collared
her in the Superior National Forest 2 years earlier. A
young lone wolf, nomadic over 100 km?” (40 mi®) during
the 9 months Mech had been able to keep track of her,
she had then disappeared until Waino caught her. From
her nipples it was apparent that she had just been nurs-
ing pups.

“This was the puzzle piece I needed,” stated Mech. “I
had already radio-tracked lone wolves long distances,
and I had observed pack members splitting off and dis-
persing. My hunch was that the next step was for loners
to find a new area and a mate, settle down, produce pups,
and start their own pack. Wolf 2204 had done just that.”

During the decades since, we have seen this process
many times, and it represents one of the primary ways
in which wolves become breeders (Rothman and Mech
1979). However, there are several other ways, and it is
only now, after 25 years of study and the wedding of wolf
radio-tracking with biochemical analyses of wolf genet-
ics (see Wayne and Vila, chap. 8 in this volume), that we
seem to have a reasonably complete picture of wolf so-
cial ecology (Meier et al. 1995; D. Smith et al. 1997; Mech
et al. 1998).

Wolf Packs and Pairs: The Basic Social Units

The basic social unit of a wolf population is the mated
pair. Known variations include a mature male and two
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mature females; a mature male, his yearling son from a
previous mating, and a new mate; and a mature female
with a new mate and his younger brother (Mech and
Nelson 1990b). There is no reason to believe that other
similar combinations of a mated pair with various rela-
tives of one or both members are not also possible.

There are two reports of packs of males, but these
packs are not well documented or understood, and pre-
sumably are temporary until a mate is found. Ballard
et al. (1987) reported without documentation that a pack
of three males occupied a 3,077 km? (1,200 mi®) area of
Alaska for over a year. Two radio-collared males split off
from a Montana pack and lived together from June to
September before being joined by a third animal of un-
known age and sex (Ream et al. 1991).

The most unusual type of pack ever recorded formed
in Yellowstone National Park 7 years after wolf reintro-
duction (D. W. Smith, unpublished data). During winter
2001-2002, three packs were formed of various assort-
ments of at least twelve dispersers from four packs. Each
new pack included a Druid Peak pack female born in
1997. Individuals moved among these packs, sometimes
daily. By late spring, one pack contained two males from
the Chief Joseph pack and four Druid Peak females.
These wolves produced two litters in separate dens,
merged in midsummer into six adults and four pups,
and remained such at least into winter. Less is known
about the other two new packs.

Mech also once recorded an adult male, his year-
ling son, and his three pups remaining together for
10 weeks after his mate (wolf 5091) was killed by other
wolves (Rothman and Mech 1979). This situation can be
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considered a temporary exception; a new mature female
(5079) joined the pack after 10 weeks and remained with
it, producing pups the next spring.

The natural extension of the mated wolf pair is the
pair with its collection of offspring, or family, as earlier
workers surmised (Olson 1938; Murie 1944; Young and
Goldman 1944) and numerous radio-tracking studies
have documented. In a thriving population, a wolf pair
produces pups every year (Fritts and Mech 1981; Mech
and Hertel 1983; Peterson, Woolington, and Bailey 1984;
but cf. Mech 1995d). The offspring usually remain with
their parents for 10—54 months, but except under spe-
cial circumstances, all offspring disperse (Gese and
Mech 1991; Mech et al. 1998). Packs therefore may in-
clude the offspring of as many as 4 years. A wolf pack,
then, is some variation on a mated pair, and packs have
contained as many as forty-two members, although
most include far fewer (see table 1.1).

Adoptees

One poorly understood exception to the above basic rule
is that strange wolves sometimes join packs already con-
taining a breeding pair, at least temporarily (Fritts and
Mech 1981; Peterson, Woolington, and Bailey 1984;
Messier 1985b; Ballard et al. 1987; Mech 1991b; Boyd et al.
1995; Meier et al. 1995). We will refer to these animals as
“adoptees” (Meier et al. 1995) to distinguish them from
wolves that enter a pack to replace a lost breeder (see be-
low). Most adoptees are males, and most adoptions take
place from February through May (Messier 1985b; Meier
et al. 1995).

One of the main mysteries of this behavior is why
strange wolves are sometimes allowed to join packs,
whereas in so many other cases they are chased, attacked,
or killed (Mech 1993a, 1994a; Mech et al. 1998). A clue
may be the fact that most adoptees are 1—3 years old
(Messier 1985b; Meier et al. 1995), whereas a high per-
centage of wolves killed by other wolves are adults (Mech
1994a; Mech et al. 1998). Tests with captive wolves con-
firm that degree of aggressiveness depends on the rank,
age, and residency status of the wolves involved (Fox
et al. 1974).

The incidence of packs adopting strange wolves
would be very difficult to measure without sampling
each wolf in every pack of a population and resampling
over time. Based on genetic determinations, nine of
twenty-seven packs from three study areas included ap-

parent adoptees (Lehman et al. 1992). However, most
members of most packs were not sampled, and the sam-
pling was done over several years. In an Alaskan popula-
tion subject to harvesting by humans, over 21% of the
wolves that dispersed over a 7-year period were accepted
into other packs (Ballard et al. 1987). These diverse sam-
pling schemes, plus the fact that adoptees remain in
packs for periods of only a few days to over a year, pre-
clude an estimate of the proportion of adoptees at any
given moment. A rough guess might be 10-20%, and
this proportion could well vary by time and place. (Ad-
ditional information about adoptees can be found in the
discussion of multiple breeding below.)

Pair Formation

As in the case of wolf 2204, described above, one of
the main methods of pair formation is for dispersing
wolves of the opposite sex to find each other. However,
there are several other methods (“strategies”) of pair
formation.

To understand the various breeding strategies wolves
use, we must first make it clear that every wolf is a po-
tential breeder, and as each begins to mature (see Kree-
ger, chap. 7 in this volume), its tendency will be to try to
breed. This idea is contrary to earlier views that some
wolves relinquish breeding “for the good of the species”
(Rabb et al. 1967; Woolpy 1968; Mech 1970; Van Ballen-
berghe et al. 1975; Haber 1977).

Detailed studies of captive (Packard and Mech 1980;
Packard et al. 1983, 1985) and wild wolves (Mech 1979a;
Fritts and Mech 1981) show that many young wolves
merely defer reproduction while still in their natal packs.
In the basic social life of the wolf, this strategy can now
be seen as merely a natural result of breeding competi-
tion, much like the failure to breed of many young male
ungulates that lose in their competition with mature
bulls.

The wolf population is comprised of tight, territorial
social groups. To breed successfully, individual wolves
must find a mate and a territory with sufficient food re-
sources (Rothman and Mech 1979). In a saturated popu-
lation, all territories are occupied, so the only local
breeding possibilities will be to (1) wait until the estab-
lished breeding position opens (A) in the natal pack or
(B) in a neighboring pack, (2) become an extra breeder
within the pack, (3) carve out a new territory from the
established mosaic, or (4) usurp an active breeder.



Local Breeding Strategies

Wolves attempt all the above strategies and more. In
Minnesota, a 2-year-old female bred with her stepfather
after her mother was shot (Fritts and Mech 1981), illus-
trating strategy 1A above. The immigration of neighbor-
ing wolf 5079 into the pack described above after its
breeding female (wolf 5091) was killed by other wolves il-
lustrates strategy 1B; in this case, 5079 had produced
pups in a neighboring pack the year before and appar-
ently had lost them (L. D. Mech, unpublished data).
Other cases of outside lone wolves joining existing packs
to replace lost breeders have been documented by Fritts
and Mech (1981), Mech and Hertel (1983), Peterson,
Woolington, and Bailey (1984), and Stahler et al. (2002).

In some cases, wolves leave their pack but remain in
the pack territory as “biders,” presumably waiting for a
chance to breed (Packard and Mech 1980). Such wolves
have solved one of the two parts of their breeding prob-
lem, finding a territory with resources. However, they
may have to wait for a parent to perish before they can
breed. Lindstrom (1986) believed that in red foxes, bid-
ing might be the only type of breeding option for a weak
individual.

Multiple Breeding

Rather than replacing a pack breeder, some maturing
wolves breed in addition to the pack’s established breed-
ers while remaining in their natal pack. Such multiple
breeding is favored by close genetic relatedness among
the pack members (see below). Although some pertinent
details about this behavior are still lacking, the behavior
itself is well documented (Murie 1944; Rausch 1967;
Clark 1971; Haber 1977; Harrington et al. 1982; Van Bal-
lenberghe 1983b; Packard et al. 1983; Peterson, Wooling-
ton, and Bailey 1984; Ballard et al. 1987; Meier et al. 1995).
In no case was the relationship between or among the
multiple-breeding females known, but one suspects that
the breeding females were mother and daughter, because
the known structure of wolf packs (see above) suggests
that strange females are adopted into packs only rarely
(Meier et al. 1995) unless the breeding female is lost (see
above).

The important unanswered question when more
than one female in a pack breeds is, which male bred the
extra (nondominant) female? The likely suspect would
be the dominant male, even if the extra female were his
daughter, since close inbreeding is well known in captive
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wolves (Medjo and Mech 1976; Packard et al. 1983; Laikre
and Ryman 1991) and has long been considered com-
mon for wild wolves (Haber 1977; Woolpy and Eckstrand
1979; Theberge 1983; Shields 1983; Peterson, Wooling-
ton, and Bailey 1984). However, recent genetic studies of
mated wolf pairs from the Superior National Forest
(Minnesota) and Denali National Park (Alaska) popula-
tions indicated that inbred pairings were probably rare
(D. Smith et al. 1997). This means chances are good that
extra matings in a pack may be with immigrants from
other packs, or even with outsiders through temporary
liaisons. Or, if daughters of the dominant female breed,
this could explain the role of adoptees (see above) and
why most adoptees are males (Peterson, Woolington,
and Bailey 1984; Messier 1985b; Meier et al. 1995).

Adoptee males may become interested in maturing
females, which would explain their attraction to new
packs. Sometimes such adoptees remain in their new
pack from days (Peterson, Woolington, and Bailey 1984)
to months (Fritts and Mech 1981) to over a year (Meier
et al. 1995; M. E. McNay, personal communication). In
Denali, an adoptee left his new pack after a year and was
observed just outside the pack’s territory with another
wolf (a maturing female from the pack?); the adoptee
and his mate produced pups in an adjacent territory the
next year (Meier et al. 1995).

On the other hand, interest in a maturing female is
not always an apparent motive for adoptees joining a
pack, or for breeding pairs allowing them to do so. A
male wolf radio-collared as a 10-month-old in Alaska
during 1995 remained with his natal pack until June,
then joined a breeding pair and their pups 58 km (36 mi)
away in July, and remained with them at least through
January and in their territory until the next July (M. E.
McNay, personal communication). The pack had no
maturing female when the adoptee joined, and when the
pack’s pups began maturing, the adoptee left.

Another situation in which multiple females in a pack
could breed without inbreeding is when the father of
maturing females is lost and replaced by a new male.
This stepfather is then unrelated to any pack female and
could breed any of them without inbreeding (Stahler
et al. 2002).

For two reasons, it seems logical to suggest that mul-
tiple breeding is possible only when food supplies are
flush (Mech et al. 1998), a hypothesis similar to the sug-
gestion that multiple breeding is fostered by heavy ex-
ploitation (Ballard et al. 1987). First, ample food would
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be required for more than one female to gain sufficient
nutrition to produce pups; young pack members receive
less food when it is scarce (Mech 1988a; Mech et al. 1998).
Second, as will be discussed, maturing members are
more likely to remain with the pack when food is more
plentiful, whereas aggression increases when food is
scarce.

Previous workers have emphasized the importance of
social and behavioral factors in prompting dispersal
(Haber 1977; Harrington et al. 1982). While these factors
may be involved, we believe that nutrition stress under-
lies them, as social competition is very much a function
of food abundance (see below).

Regardless of the uncertainties about various aspects
of extra litters per pack, multiple breeding represents a
viable strategy by which some wolves succeed in the
breeding arena.

Budding and Splitting

Another breeding strategy is for a dispersed wolf and its
new mate to try to set up a territory along the edges of its
natal pack territory; this approach can involve either a
male or a female from the natal pack. The animal fre-
quents one end of the territory, presumably pairs with a
floater (see below) or a similar member from a neigh-
boring pack, and forms a territory adjacent to, or over-
lapping with, its natal territory, a process known as
“budding” (Fritts and Mech 1981; Fuller 1989b; Meier
et al. 1995; L. Boitani, unpublished data). Budding con-
forms to the territory inheritance hypothesis, which at-
tempts to explain why group living in carnivores is a
stable strategy (Lindstrom 1986).

A variation on this strategy is pack splitting. Pack
splitting differs from budding in that, rather than a
single wolf budding off a pack with a mate, a group of
wolves splits off and assumes a new territory. Pack split-
ting in this sense is not the same as the temporary split-
ting of large packs during winter (Mech 1966b, 1970;
Haber 1977; Carbyn et al. 1993). Rather, pack splitting as
a form of budding is a permanent phenomenon.

Several cases of permanent pack splitting have been
reported, all involving larger-than-average packs dur-
ing or around the breeding season (Mech 1986; Meier
et al. 1995; Hayes et al. 2000). In Denali, a pack of twenty
split into two packs of eleven and nine and split the
territory; at least one of the new packs produced pups
that year (Meier et al. 1995; Mech et al. 1998). In one re-
colonizing population, packs split when they averaged
twelve (= 1.5) wolves, and after 4 years of recolonization,

nine of twenty-eight (32%) packs were the products of
pack splitting (Hayes and Harestad 2000a; Hayes et al.
2000).

It is probably when two related breeding pairs are
present that packs split, perhaps after an immigrant
male breeds a pack daughter. Presumably the additional
members of the subunits are the previous offspring of
each pair. Because breeders control the feeding of their
offspring (see Packard, chap. 2 in this volume), they may
compete too aggressively with other pack breeders as
food needs peak in winter because of maximal pup
weights. A solution that circumvents mortal competi-
tion among kin is to split the territory and resources
(Mech 1970). This may be necessary only when food is
scarce, thus explaining why large packs do not split every
year.

Carving Out New Territories

Dispersers can also breed locally by carving new territo-
ries out of the existing pack territorial mosaic. Dis-
persers using such a strategy wander around the popula-
tion (“floaters”), frequent areas along the interstices
among territories (Mech and Frenzel 1971a; Rothman
and Mech 1979; Fritts and Mech 1981; Meier et al. 1995),
meet members of the opposite sex, mate, and attempt
to set up a new territory (Rothman and Mech 1979). In
some areas, however, such as parts of Quebec (Messier
1985b) and Denali (Mech et al. 1998), lone wolves do not
seem to frequent pack territory edges and interstices.
In any case, lone floaters may circulate over areas of
10,500 km? (4,100 mi®) or more, many times the size of
local pack territories (Mech and Frenzel 1971a; Fritts and
Mech 1981; Berg and Kuehn 1982; Merrill and Mech
2000; Wabakken et al. 2001).

Often loners frequent two or three areas along vari-
ous pack territory edges and float long distances among
them until they meet a mate in one of them; then they
settle (Mech and Frenzel 1971a; L. D. Mech, unpublished
data). In a recolonizing population in northwestern
Minnesota, three floaters that were monitored for more
than 4 months all paired, and at least two of the pairs
produced pups; in the same population, seven of eight
dispersers paired, usually within 20 days of dispersal
(Fritts and Mech 1981). Although most lone wolves float
independently, three pairs in this recolonizing popu-
lation formed and then floated together, exploring areas
until they found one to settle in (Fritts and Mech 1981).
The only other area where this strategy seems to have
been reported was Scandinavia (Wabakken et al. 2001).



Whether any of the pairs that attempt to carve out
territories in an established population succeed depends
in part on food abundance in the population. In the re-
colonizing population of northwestern Minnesota, these
pairs tended to succeed (Fritts and Mech 1981), whereas
250 km eastward in the saturated, food-stressed Superior
National Forest (SNF) population in the early 1970s
(Mech 1977b), they tended to fail (L. D. Mech, unpub-
lished data).

In the SNF during 1969—1989, a time that included
periods both of food stress and of improved conditions,
65% of those wolves that dispersed as adults, 26% as
yearlings, and 8% as pups succeeded in pairing and den-
ning (Gese and Mech 1991). In an increasing wolf popu-
lation in Denali National Park during 1986-1991, nine
(56%) of sixteen new pairs succeeded in founding new
packs that lasted a year or more (Meier et al. 1995).

Usurping a Breeder

A last way in which maturing wolves can breed in their
own population is to usurp an established breeding po-
sition. An example of this approach was seen in the SNF,
where a 3-year-old female bred with her stepfather a year
after her mother bred with him and left (Mech and
Hertel 1983); whether the mother was ousted or left vol-
untarily is unknown. On Ellesmere Island, a 3-year-old
daughter took her mother’s breeding role while the
mother remained in the pack as a helper (Mech 1995d).
In this case, the male had been the mother’s mate for
2 years; he could have been the daughter’s older sibling
or an unrelated wolf, but probably was not the daughter’s
father.

No doubt the most dangerous strategy for gaining a
breeding position would be to challenge an established
breeder. Such challenges have been observed in captive
situations, where yearling sons challenged their fathers
and bred with their mothers (Zimen 1976; Packard et al.
1985). However, such fights that could become mortal in
captivity might never take place in a wild pack, where a
beaten contender can escape; furthermore, the best evi-
dence so far is that close inbreeding does not occur
where outbreeding is possible (D. Smith et al. 1997).

Nevertheless, wolves do often fight to the death in the
wild (see below), and the losers are usually wolves en-
countered near a territory edge or inside a neighbor’s
territory (Mech 1994a; Mech et al. 1998). A dispropor-
tionate number of the dead wolves are adult breeders,
but subordinate, maturing animals are also killed. There
is a strong possibility that some of these fights result
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from potential breeders challenging established breed-
ers. The best such record was Messier’s (1985b) observa-
tion in Quebec that a presumed breeding male was killed
one March at the time his pack adopted a young immi-
grant male.

An incident that L. D. Mech (unpublished data) ob-
served in the SNF during the breeding season (Mech and
Knick 1978) also suggests such a challenge. The SNF
Greenstone pack (four members) trespassed south of its
southern neighbor, the Pagami Lake pack (five mem-
bers), on 15 February 1972, then returned to its territory.
The next day, Mech watched as the Greenstone pack en-
tered the Pagami pack’s territory from the south and
attacked the sleeping five. At least one wolf from the
Pagami pack was wounded, and the Greenstone pack re-
turned to its territory. The only radio-collared Pagami
wolf was alone the next eight times it was seen during
the next month, and then dispersed. The one radio-
collared Greenstone wolf was not seen with more than
two others during the next twelve observations through
13 March; then her signal was lost. By fall, however, a
newly radio-collared pup was part of a pack of six living
in the former territories of both packs. Did the neigh-
boring breeders form one pair after the fight, oust the
others, and usurp both territories?

In Denali, the McKinley River pack (ten members)
invaded the territory of the Bearpaw pack (also ten
members) and, between January and March 1988, killed
all three radio-collared members of the Bearpaw pack,
wounded at least one other member, and may have
killed two others (Meier et al. 1995). Two McKinley River
wolves and two new wolves (former Bearpaw members?)
then usurped the Bearpaw pack territory, even using the
Bearpaw pack den.

Distant Dispersal

Besides the several strategies described above for obtain-
ing a breeding position in the local population, wolves
also use a strategy that takes them into a new population
or to the very edge of the species’ range. This strategy,
called directional dispersal (Mech and Frenzel 1971a;
Mech 1987a), is a tendency to move a long distance in
more or less a single direction. Wolves of both sexes have
dispersed to areas up to 886 km (531 mi) away (Fritts
1983; Ballard et al. 1987; Boyd et al. 1995), and some have
crossed four-lane highways and open areas and cir-
cumvented large lakes and cities (Mech, Fritts, and
Wagner 1995; Merrill and Mech 2000; Wabakken et al.
2001; L. Boitani, unpublished data). When long-distance
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dispersers settle, they may attempt to squeeze into the
territorial mosaic of a distant population, join an exist-
ing pack, or pair with a member of the opposite sex in an
area uninhabited by breeding wolves (Rothman and
Mech 1979; Fritts and Mech 1981; Berg and Kuehn 1982;
Peterson, Woolington, and Bailey 1984; Messier 198sb;
Ballard et al. 1987; Fuller 1989b; Meier et al. 1995; L. D.
Mech, unpublished data).

Frequency of Various Strategies

The relative proportions of potential breeders that use
these various breeding strategies have not been measured
(but see below). Those proportions must vary over space
and time and depend a great deal on food supply and
whether the population is increasing, decreasing, or
stable (see Fuller et al., chap. 6 in this volume). However,
a general idea of those proportions can be obtained from
the proportions of wolves of various ages that disperse
and the distances they move. Near-dispersers would
include those wolves that attempt to breed with neigh-
bors through biding, budding, or replacing established
breeders. Distant-dispersers would be those that chance
finding or founding new populations.

Some information on proportions of breeding strate-
gies can be gleaned from both the SNF and Denali
studies. In the SNF population, which between 1969 and
1989 declined, stabilized at a low level, and then in-
creased, the pairing success of some seventy-five wolves
that dispersed from their packs was examined (Gese and
Mech 1991). A significantly greater proportion of matur-
ing animals dispersed during the declining and increas-
ing phases than during the stable phase, probably re-
flecting the least competition during the stable phase.
Most of the wolves dispersing at less than 1 year of age
traveled more than four territories away, whereas most
yearlings and adults remained within a radius of three
territories. (More details about dispersal are presented
below.)

In the increasing Denali population, sixteen new
pairs formed in 1986—1991 (Meier et al. 1995). Two of
these pairs died out without producing pups; five pro-
duced pups, but failed to hold their territory beyond a
year, in most cases because the adults were killed by
other wolves; and nine produced pups and held territo-
ries for a year or more. Of the nine successful pairs, it is
significant that at least seven succeeded through “bud-
ding,” or carving out a territory partly inside or just ad-
jacent to their natal territory.

The Breeding Flux

Competing with maturing wolves for new breeding po-
sitions are lone adults that have left or lost their mates
or breeding positions. Individuals such as wolf 5079 in
the SNF, mentioned above, as well as examples recorded
by Fritts and Mech (1981), Peterson, Woolington, and
Bailey (1984), Mech (1987a), L. D. Mech (unpublished
data), Ream et al. (1991), and Meier et al. (1995), indicate
that many adults join the floating members of the wolf
population to compete with the maturing members.
These adults tend to remain within 50 km of the area
they leave, at least in Minnesota (Gese and Mech 1991).

Given all the above breeding strategies, a wolf popu-
lation can be viewed as a highly dynamic system in which
breeding pairs hold territories and pump out numerous
offspring that travel about, criss-crossing the popula-
tion and striving to gain their own breeding positions. In
this flux, each pack tries to hold its position while com-
peting with neighbors that try to expand their territories
(see below) as well as with new breeding pairs, local lone
wolves, and immigrants that are all trying to leverage
themselves into the population structure.

The flexibility in the sizes of wolf packs and territo-
ries helps buffer the constant fluctuations in social and
ecological factors that wolves face. Wolf populations
are constantly churning, and a high proportion of their
members are temporary. In the Denali National Park
population, which is one of the least human-disturbed
wolf populations anywhere, only 15% of wolves under
3 years of age remained in the population for more than
5 years (Mech et al. 1998). Thus at least some of the pop-
ulation’s long-term breeders must be immigrants, an-
other indication of the constant genetic mixing of the
population.

Why Do Wolves Live in Packs?

The wolf and the wolf pack are as closely linked in the
human mind as a child is linked to a family, and rightly
so. The human family is a good analogy for the wolf
pack. The basic pack consists of a breeding pair and
its offspring, which function in a tight-knit unit year-
round. As with humans, male wolves generally are larger
than their mates, about 20% heavier in general (Mech
1970).

The offspring of the breeding pair often include
members of more than one litter. Wolf pups reach adult



size by winter, so the presence of pups then gives the
pack the appearance of a group of adults. Because at least
some young often remain with the pack for a year or
more, when new pups are born, the social group con-
stantly appears to contain more than a pair of adults.
Why do wolves remain with their parents for as much
as 10—54 months while many other mammals leave
sooner? At least some wolf pups can survive without
their parents when as young as 4 months of age (Fritts
et al. 1984, 1985). Their permanent canine teeth are in
place by 7 months (Van Ballenberghe and Mech 1975),
their long bones cease growth by 12 months (Rausch
1967), and at least some males and females are capable of
breeding at 10 months (Medjo and Mech 1976).

The Pack as Nursery

One answer might be that there is great variation in wolf
maturation. Some wolves are not reproductively capable
even at 3 years of age (Mech and Seal 1987). Physiologi-
cally, wolves may not be completely “mature” until
about 5 years of age. U. S. Seal et al. (unpublished data)
found that wolf androgen and estrogen levels increased
until this age. Thus the continued association of young
wolves with their natal pack may simply be a way for the
young to mature while still being subsidized by their par-
ents. From the parents’ standpoint, caring for young un-
til they are mature may be the best way to ensure their
original investment. In addition, long association with
parents would increase the opportunity for offspring to
learn the more subtle components of hunting and forag-
ing behavior that are not innate (Leyhausen 1965, cited in
Eaton 1970).

Pack Size and Prey Size

On the other hand, there is some evidence that wolf pack
sizes may be influenced by other factors. There has been
much theoretical discussion of carnivore group sizes
(Murie 1944; Mech 1970; Kleiman and Eisenberg 1973;
Zimen 1976; Bekoff and Wells 1980; Rodman 1981;
Bowen 1981; Lamprecht 1981; Brown 1982; D. W. Mac-
donald 1983; Packer and Ruttan 1988; and others). The-
ory holds that pack size should vary with prey size up to
some optimum number; this optimum should be that
which allows predation with the least energy expendi-
ture and the most energy return (D. W. Macdonald

1983).
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Wolf pack sizes tend to be largest where wolves prey
on the largest ungulates. Despite records of hundreds of
wolf packs from many areas, however, the relationship
of pack size to prey size is not definitive (see Fuller et al.,
chap. 6 in this volume). This is partly because of the ex-
treme variation in pack size within each area and because
in many of the areas studied the wolves were subject to
harvesting or control.

Pack size data are available for relatively unexploited
wolf populations in Minnesota, Denali National Park,
Alaska, Wood Buffalo National Park, Alberta, and Yel-
lowstone National Park. Other data from exploited pop-
ulations tend to support these data, but are less definitive
because of the possible effect of exploitation. The small-
est packs tend to feed on garbage and small animals, and
the largest on moose and bison (table 1.1).

However, this pattern is only a very general tendency
(Mech 1970). For example, in 1971—1991, the mean pack
size for Isle Royale, in Lake Superior, Michigan, where
moose are the only ungulate prey, was 7.5, whereas for
north-central Minnesota, where white-tailed deer were
the exclusive prey, pack size averaged 7.3 (see table 1.1).
Average pack sizes for wolves feeding on deer and moose
are significantly smaller than for those feeding on elk
and caribou (see Fuller et al., chap. 6 in this volume).
Nevertheless, the largest packs where moose and bison
were preyed on were twice as large as the largest packs
from deer areas (see table 1.1).

Complicating Factors

As discussed above, it is reasonable to try linking group
size to prey size. Some of the earliest wolf biologists as-
sumed that wolf packs exist because they may promote
greater hunting efficiency (Murie 1944), and this conclu-
sion seems logical (Mech 1966b, 1970; Zimen 1976; Peter-
son 1977; Nudds 1978; Carbyn et al. 1993). Several impor-
tant factors, however, complicate the picture.

If large numbers of wolves were necessary to prey on
large ungulates, it would be difficult for lone wolves and
pairs to survive and produce the offspring that enlarge
the pack. In fact, large numbers of wolves are not neces-
sary to kill large prey. Single wolves have been recorded
to kill even the largest of the wolf’s major prey species,
including adult moose (Cowan 1947; A. Bjdrvall and
E. Isakson, personal communication; Thurber and Pe-
terson 1993; Mech et al. 1998), muskox (Gray 1970), and
bison (D. Dragon, cited in Carbyn et al. 1993).
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Even when a wolf pack attacks prey, not every pack
member contributes significantly to the attack. Because
of the general assertiveness and experience of the breed-
ing pair, they tend to take the lead in chasing and attack-
ing prey, and it is unclear how much the younger pack
members contribute (see Mech and Peterson, chap. 5in
this volume). In a pack consisting of a breeding pair and
their 7-month-old pups hunting for the first time, for
example, it seems unlikely that the pups would assist
very significantly in the kill.

Another factor that few workers have considered is
that wolf pack size in the usual sense is not necessarily
the same as hunting group size. Most pack size obser-
vations are made in winter, when the pack is nomadic.
Thus the adults usually bring the whole family with
them when they hunt. In summer, however, the den is
the social center, and adults radiate out from it in forag-
ing groups of various size (Murie 1944; Mech 1970, 1988a;
Ballard, Ayres, Gardner, and Foster 1991). Even in win-
ter, wolf packs do not always hunt at full size, especially
when they are large. Most packs vary in the numbers
traveling together throughout the winter (Stenlund 1955;
Mech and Frenzel 1971a), as various members lag behind
during travels, some visit old kills, or others disperse
temporarily (see below).

In addition, packs sometimes split temporarily (but
for days at a time) into smaller hunting groups, similar
to the way African lion prides split (Packer et al. 1990).
A pack of fifteen wolves on Isle Royale split into two
groups about half the time during the 1961 winter study
(Mech 1966b), and split again in 1963 and 1965 (Jordan et
al. 1967). Similar pack splitting during winter has also
been reported for Denali (Haber 1977), Italy (Boitani
and Zimen 1979), and Wood Buffalo National Park (Car-
byn et al. 1993). Therefore, published pack sizes, which
are almost always stated as the maximum number of
wolves observed over winter, are not necessarily hunting
group sizes, thus complicating any analyses that do not
consider this.

Pack Size and Hunting Efficiency

It certainly seems reasonable that, at least to some ex-
tent, hunting in groups would increase hunting effi-
ciency even if no cooperative strategy were used. Mul-
tiple hunters, even if inept or inexperienced, would seem
to yield greater sensing, chasing, restricting, attacking,
and killing power than single hunters.
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However, possibly offsetting this advantage is the fact
that multiple hunters must also share the proceeds
(Brown 1982). This and numerous other theoretical and
empirical considerations have led some workers to the
conclusion that “cooperative hunting is more often a
consequence of gregariousness than its evolutionary
cause” (Packer and Ruttan 1988,189).

A good test of the hypothesis that larger groups of
wolves are more efficient at hunting or killing prey is
to determine amount of food obtained per wolf for
packs of various sizes. On Isle Royale during 1959—
1961, the pack of about fifteen wolves mentioned above
preyed on moose, but in 1961, when this pack split into
two about half the time, the amount of food obtained
was greater than during the previous 2 years, when the
pack hunted as a unit (Mech 1966b). Similarly, lone
wolves in Minnesota killed more prey per wolf than a
pack of five (Mech and Frenzel 1971a), and pairs killed
more prey per wolf than packs (Fritts and Mech 198y;
Ballard et al. 1987, 1997; Thurber and Peterson 1993;
Hayes et al. 2000).

When this hypothesis was tested more rigorously
with wolves and moose on Isle Royale, the result was the
same: the larger the pack, the less food obtained per wolf
(fig. 1.1). Synthesizing data from many studies including
most wolf prey gave the same result (Schmidt and Mech

1997).
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FIGURE 1.1. Food availability (kg/wolf/day) for different group
sizes of gray wolves preying on moose in Isle Royale National Park
during winter, 1971-1991 (Y = 9.31 — 1.76 log,,X). (From Thurber
and Peterson 1993.)
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Sharing the Surplus

What other factors might cause wolves (or other carni-
vores) to live in groups, then? And why do the largest
packs seem to be those preying on the largest quarry ?
Put another way, why don’t all young wolves disperse
from their natal pack as soon as they are fully developed,
at about 7—12 months?

It turns out that they do, at least in some areas, and
these cases are instructive. During the early 1970s in
Italy, when few ungulates were present, most packs con-
sisted of little more than pairs in winter (see table 1.1).
Similarly, packs are small in Israel, where wolves feed ex-
tensively on garbage and small animals (Mendelssohn
1982). That both the Italian and Israeli wolves were also
subject to human exploitation confounds attempts to
definitively relate small pack size to small scattered food
sources, but the data are suggestive. With coyotes, pack
size does relate to food source size (Bowen 1978).

If wolf pack size is related to food source size, but in-
creased pack size does not necessarily yield greater hunt-
ing efficiency, then why live in packs? The answer seems
to be that the evolution of grouping in wolves has facili-
tated subsidy of young wolves by their parents through
the sharing of large prey (Mech 1970, 1991b; Schmidt and
Mech 1997). Since adults prey on large animals, a surplus
of food suddenly becomes available periodically. Mak-
ing this surplus available to kin is the most efficient ap-
proach adult wolves can take, except for eating it and
caching it. Without a sufficient number of feeders, this
surplus can be lost to competitors, scavengers, insects,
and bacteria. Ravens can remove up to 37 kg (17 pounds)
of a carcass per day, and can usurp some 66% of a lone
wolf’s kill, compared with only 10% of the kills of a pack
of ten (Promberger 1993; see also Stahler 2000).

The kin selection explanation of why wolves live in
packs (Schmidt and Mech 1997) fits the resource disper-
sion hypothesis. This theory holds that food quantity
and distribution is the primary cause and determinant of
group size (D. W. Macdonald 1983; von Schantz 1984).
The types of prey wolves rely on have unique character-
istics of richness (a large amount of food per prey), re-
newal (slow turnover), and heterogeneity (highly patchy
distribution and low density), which are the key condi-
tions that the hypothesis predicts would foster group liv-
ing (D. W. Macdonald 1983).

Wolf parents allow their young to remain with them
so long as their food supply can support more individu-
als than themselves. From the offspring’s standpoint, if

the food supply is secure, it is advantageous for them
to stay with their parents rather than trying to find re-
sources on their own, at least until the urge to breed
compels them to seek a mate outside the natal pack. Al-
though there are no experimental results confirming this
theory, the fact that pack size tends to correlate with food
supply (Mech 1977a; Messier 1985a) lends support to the
theory.

Clearly wolf packs that prey on smaller animals such
as deer would have less surplus food available per kill
than packs that prey on moose or bison. Packs preying
on moose or bison could afford to include a larger num-
ber of offspring, thus improving the inclusive fitness
of the family (Rodman 1981). An efficient pair of adult
breeders in a moose area, then, could feed members of
two or three of their last litters of offspring. This would
enhance the survival of those offspring and increase
the chances of the parents’ own genes being dissemi-
nated. Inclusion of these maturing wolves on hunting
forays would also give them practice and experience in
hunting.

If maturing wolves accompany their parents in packs
to gain easy forage, this may explain why large packs are
not necessary to take large prey, yet the largest packs are
usually found in areas with the largest prey. Simply put,
large prey allow large packs, but do not require them.

When Mech (1966b) watched a pack of fifteen wolves
lined up to feed around a moose carcass, he was im-
pressed with the fact that not many more could have fit
around it. Had there been any more wolves, some would
have to have gone hungry. Long before, Adolph Murie
(1944) had suggested that prey size might limit pack size
in this way.

Such arelationship could also explain why large packs
are occasionally found temporarily even among wolves
hunting smaller prey. If enough smaller prey could be
killed either concurrently or in close sequence, more in-
dividuals could accompany a wolf pack than otherwise.
During 1990, when the East Fork pack in Denali num-
bered up to twenty-nine, they often killed more than one
sheep or caribou at a time (Mech et al. 1998). This be-
havior conforms to the theory that when feeding con-
straints are relaxed, hunting group size should increase
(Caraco and Wolf 1975).



Pack Size Regulation

Besides the general factors discussed above that affect
pack size, other specific factors are also important. If the
reason young wolves stay with their natal pack is to
use their parents’ provisioning skills to maximize their
food intake during growth and maturation, this strategy
would also explain certain aspects of dispersal. As indi-
cated above, wolves mature at varying rates, probably be-
cause of varying nutrition. Thus it would be adaptive for
them to do whatever possible to maximize their food in-
take. Because their parents have nurtured them through-
out their lives, their tendency probably would be to re-
main with their parents until something forces them
away.

However, because there are usually new offspring an-
nually, with a greater need for parental nurturing, as the
previous litters age, they must begin to compete with
younger siblings for food. The parents’ priority is to feed
the youngest offspring; if there is enough to go around,
then the older offspring are allowed to feed (L. D. Mech,
unpublished data). (In the rare year when there are no
pups, the adults continue to provision the yearlings, as
would be expected [Mech 1995¢,d].)

Some wolves disperse when as young as 5 months
of age (Fuller 1989b), whereas others may remain with
the pack for up to 3 years (Gese and Mech 1991), or oc-
casionally longer (Ballard et al. 1997). As will be dis-
cussed below, intense food competition may be one of
the main triggers for dispersal. If so, then perhaps when
food is scarce, adults stop provisioning young as early as
5 months of age. By then, the young would be physically
able to survive on their own (see above). This also would
be a time when the adults would have to maximize their
own intake to prepare for the next litter of pups.

It is probably only when food is sufficient that adults
share it with their older offspring, and those offspring
might then remain with the pack. Such offspring even
provision the new litter of pups at the den, although they
also sometimes usurp the pups’ food as well (see Pack-
ard, chap. 2 in this volume).

Thus food competition could be the feedback mech-
anism that regulates pack size through dispersal. Prey
size, and at times prey abundance, would set the upper
limit to the number of individuals that could share with-
out undue competition; any excess would disperse. If
food were sparse, the young would disperse earlier; if
abundant, they would remain longer, ideally until they
were sexually mature. At that point, sexual competition
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and aggression might be the factor triggering dispersal.

A finer adjustment factor to this system could involve
the pack dominance hierarchy (see Packard, chap. 2
in this volume). Presumably, as food competition in-
creases, it is not only the lower-ranking classes of pack
members (e.g., yearlings) (Messier 1985b) that must leave,
but also the lower-ranking members within a class. Food
competition has long been seen as a factor affecting the
lowest-ranking pack members most adversely (Zimen
1976). In coyotes, it is also the most subordinate individ-
uals that have least access to pack food resources and
leave the pack soonest (Bekoff 1977b; Gese 1995).

This system of determining wolf pack size would
explain why the age of offspring dispersal is so variable
(Fritts and Mech 1981; Peterson, Woolington, and Bailey
1984; Ballard et al. 1987, 1997; Mech 1987a; Potvin 1988;
Gese and Mech 1991) and why that age varies from year
to year, with entire litters remaining with a pack in some
years or dispersing in others (Mech 1995d).

The best evidence that food competition does affect
dispersal comes from southwestern Quebec. There, year-
ling and “adult” wolves (which could have been as young
as 2 years old) in an area of low moose density made sig-
nificantly more excursions of 5 km (3 mi) or more from
their territories than did yearlings and adults in a nearby
area of high moose density; furthermore, more females
than males made such excursions (Messier 1985b). These
excursions lasted from a few days to a few months, aver-
aged more than 22 km (13 mi) in straight-line distance,
and eventually culminated in dispersal. On Isle Royale,
more wolves also left packs during periods of lower food
supply (Peterson and Page 1988).

Dispersal

As indicated above, most wolves disperse from their na-
tal packs. Unless it assumes a breeding position within
the pack, which is rare, any wolf born into a pack will
leave it. In fact, each wolf pack can be viewed as a “dis-
persal pump” that converts prey into young wolves and
spews them far and wide over the landscape. On the av-
erage, then, a thriving pack of three to nine members
producing six pups each year (see Fuller et al., chap. 6 in
this volume) thus “pumps out” about half its members
annually.

In some circumstances, dispersal is more like a pul-
sating of members back and forth from the pack, for
members may leave temporarily (see above) and return
one to six times before finally dispersing (Fritts and
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FIGURE 1.2. Territories of female wolf 6433 in the Superior National
Forest of Minnesota. Upper polygon, 6433’ natal territory; lower
polygons, territories between which 6433 and her mate alternated
from 11 January 1984 through 11 June 1984, after which they broke up
and 6433 returned to her natal territory; blackened area, where the
pair localized 5—29 April 1984.

Mech 1981; Van Ballenberghe 1983a; Peterson, Wooling-
ton, and Bailey 1984; Messier 1985b; Ballard et al. 1987;
Mech 1987a; Potvin 1988; Fuller 1989b; Gese and Mech
1991). On the other hand, some wolves disperse without
any known preliminary forays (Mech 1987a; Boyd et al.
1995; Mech et al. 1998; L. D. Mech, unpublished data).

Extraterritorial forays by wolves can even involve
pairing, territorial establishment, and localizing during
the denningseason, followed by a return to the natal pack
half a year later (Mech 1987a; Mech and Seal 1987) (fig.
1.2). In fact, wolf dispersal is probably most accurately
viewed as a continuum, from single, short departures
from the natal pack through intermittent and multiple
extended forays to permanent, distant emigration. These
movements appear to be motivated by attempts to max-
imize food input and opportunities to breed. However,
they may also be underlain by a predisposition in some
individuals to travel long distances, as we will see below.

Although predispersal forays might be viewed as
“trial” or “exploratory” dispersals, they might also be
merely movements that internal state plus food supply
and social circumstances force on young wolves, and
might not have any trial or exploratory function. Data
from red foxes, however, tend to support the ex-
ploratory nature of some predispersal movements. Pre-
dispersing foxes moved much faster and spent little time
resting or foraging during exploratory trips (Woollard
and Harris 1990).

Sex and Age of Dispersers

Wolves of both sexes disperse, and there seem to be few
consistent male-female differences in dispersal charac-
teristics. In some regions or times, males apparently dis-
perse farther or at a higher rate (Pulliainen 1965; Pe-
terson, Woolington, and Bailey 1984; Wabakken et al.
2001). However, at other times or places females disperse
farther on average, even though the longest-distance
dispersers were males (Fritts 1983; Ballard et al. 1987).
Nevertheless, the record dispersal lengths of males and
females tend to be about the same (see below).

In south-central Alaska, males dispersed at a higher
rate than females (Ballard et al. 1987). Perhaps such a dif-
ference has some ecological significance, because males
showed the same propensity on Alaska’s Kenai Peninsula
during 19761980, whereas during 1980-1981, female
dispersal tended to balance out the sex ratio of dispersers
(Peterson, Woolington, and Bailey 1984). In southwest-
ern Quebec, female pre-dispersers spent more time away
from their packs than did males (Messier 198sb).

As already discussed, wolves disperse from their natal
packs at a wide variety of ages, and this variation is prob-
ably related to food competition within individual
packs. Wolves as young as 5 months and as old as 5 years
have dispersed from natal packs, but the commonest
age of dispersal in many areas is 1—24 months (Fritts
and Mech 1981; Peterson, Woolington, and Bailey 1984;
Messier 198sb; Ballard et al. 1987, 1997; Mech 1987a;
Potvin 1988; Fuller 1989b; Gese and Mech 1991; Hayes
and Harestad 2000a; Mech et al. 1998). Older adults that
disperse from packs are often individuals that had im-
migrated into those packs (Meier et al. 1995; L. D. Mech,
unpublished data). Fritts and Mech (1981) and Boyd
et al. (1995) suggested that high rates of yearling disper-
sal were related to a high potential for colonization in the
immediate area, but Gese and Mech (1991) found the
same rate of yearling dispersal in a saturated population
(63% of dispersers) as in the populations discussed by
Boyd et al. 1995).

Notable exceptions to the usually high rate of year-
ling dispersal were reported under two conditions. In
northwestern Alaska’s exploited population, the aver-
age age of dispersal was about 3 years (Ballard et al.
1997). In the reintroduced Yellowstone population
(see Boitani, chap. 13 in this volume), the mean age of
the thirty wolves that had dispersed by October 2001
was 2 years and 1 month, with a range of 1 year and
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FIGURE 1.3. Month of dispersal for three age classes of dispersing
wolves in the Superior National Forest, Minnesota, population,
1969—1989. (From Gese and Mech 1991.)

5 months to 3 years and 7 months (D. W. Smith, personal
communication).

Dispersal Season and Triggering Mechanisms

The fact that wolves disperse primarily while beginning
to mature sexually tends to implicate reproductive de-
velopment (puberty) as a factor helping to trigger dis-
persal, or at least necessary for it. Such is the case with
many other species (Howard 1960).

Although wolves have dispersed at every time of year,
those in most areas leave during autumn and early win-
ter or around the spring denning season (fig. 1.3). Most
of the studies cited above agree with this conclusion,
although not those in northwestern Alaska (Ballard
et al. 1997). Pups that disperse in their first year usually
leave from January to May (Fuller 1989b; Gese and Mech
1991).

The spring and fall peaking of dispersal in most areas
suggests that one of the triggers for dispersal is social
competition. During spring, aggression related to breed-
ing is maximized (Rabb et al. 1967; Zimen 1976), and
adults are presumably building reproductive fat stores.
In fall, pups begin traveling with the adults and become
nomadic with the pack. Their food needs peak at this
time (Mech 1970), yet the pups are still dependent on the
adults, so food competition also begins to peak.

Because food availability is variable throughout the
year, dispersal could be expected during any season, but
should peak when food and social competition peak. In
Quebec, more yearling and adult wolves dispersed from
packs living on a low prey base than from nearby packs
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living on a high prey base (Messier 1985b). When food
stress increased on Isle Royale, so did dispersal rate,
and dispersal rate was inversely related to pack size (Pe-
terson and Page 1988). Furthermore, more dispersed
lone wolves were present there during periods of low
prey availability (Thurber and Peterson 1993).

In the Yukon, wolves repopulating an area from
which wolves had been extirpated dispersed at increas-
ing rates each year, and dispersal rates were positively
correlated with pack size and negatively correlated with
the ungulate biomass/wolf ratio (Hayes and Harestad
2000a). The larger the packs, the more competition and
potential dispersers there are, and the greater the bio-
mass of prey available, the less competition. The rela-
tively high amount of food available to wolves in north-
western Alaska (Ballard et al. 1997), as well as to those in
Yellowstone National Park (Mech et al. 2001), probably
explains the high age of wolf dispersal in those areas
(D. W. Smith, personal communication).

Thus competition and aggression, usually centered
on food, can be considered a primary trigger for wolf
dispersal. Postulating that aggression fostered by food
and breeding competition helps trigger dispersal may
seem to contrast with Bekoff’s (1977b) view of the role of
aggression in dispersal. However, Bekoff believed that
aggression was not the “immediate cause” of dispersal,
meaning that dispersers do not seem to be actively
chased away. He did stress that avoidance of social inter-
actions was characteristic of several species just prior to
dispersal.

Bekoff’s emphasis on social avoidance in dispersers
accords with findings in both red foxes (Harris and
White 1992) and coyotes (Gese 1995) that dispersers as-
sociate less with their social groups than do nondis-
persers. This lack of sociality, however, does not neces-
sarily rule out aggression as a factor. In all the above
situations, the aggression could merely be covert, or at
least less perceptible, to a human observer. Schenkel
(1947) emphasized that just the fixed stare of a domi-
nant wolf wields great power over the behavior of sub-
ordinates.

In any case, wolves are often aggressive toward low-
ranking wolves (Mech 1966b; Jordan et al. 1967), includ-
ing their relatives, at least in captivity (Rabb et al. 1967;
Packard et al. 1983). Thus chances are good that overt ag-
gression, at least during some seasons, and possibly
covert aggression at other times, is a strong factor in wolf
dispersal (Zimen 1976).
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TABLE 1.2. Frequency of wolves dispersing alone and with associates

Area N Alone With 1 With 2 With > 2 Reference

Minnesota 9 9 — — — Fritts and Mech 1981
Minnesota 28 23 1 1 — Fuller 1989b
Minnesota 75 75 — — — Gese and Mech 1991
Minnesota 7 7 — — — Berg and Kuehn 1982
Alaska 21 15 3 — — Peterson, Woolington, and Bailey 1984
Quebec 11 7 2 — — Messier 1985b
Quebec 15 15¢ — — — Potvin 1988

Alaska 38 2 1 2 2 Ballard et al. 1987
Wisconsin 16 16 — — — Wydeven et al. 1995
Montana 13 11° 1 — — Boyd et al. 1995

Note: The figures given here are probably minimum numbers because often it is not known whether a dispersing wolf has associates.

“Not explicitly stated.

An intriguing piece of information that seems to con-
trast with the food competition theory of dispersal is the
observation in northwestern Alaska that the highest an-
nual dispersal rate was found following a rabies epi-
zootic (Ballard et al. 1997). However, as the authors of
the study indicated, this high dispersal rate may have
been due to the resulting breakup of pack structure.

Individual versus Group Dispersal

Most wolves disperse alone, but there are notable excep-
tions, although little is known about such group disper-
sal (table 1.2). Among twenty-one wolves recorded dis-
persing from the Kenai Peninsula, in three cases, the
animals dispersed as duos, but then split (Peterson,
Woolington, and Bailey 1984). Seven of nine dispersers
in Quebec dispersed alone (Messier 1985b), and in
north-central Minnesota, one trio of wolves and one
pair dispersed, whereas twenty-three other wolves dis-
persed alone (Fuller 1989b). Wolves also dispersed or
made long forays in dyads in northern Montana (Boyd
et al. 1995), and in Alaska, an adult female and five pups
traveled some 72 km (43 mi) out of their territory in Au-
gust (Ballard et al. 1997).

When groups of wolves permanently leave an area,
their movements may not really be dispersal, which is
defined as movement from a natal to a breeding site
(Bekoff 1977b). Rather, the wolves may be emigrating.
The most unusual group emigration reported was that
of the Little Bear pack of eleven wolves, which moved
250 km (150 mi) from their territory in Denali National
Park (Mech et al. 1998) (see below).

"Mentioned by Ream et al. (1991) for same study as Boyd et al. (1995).
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FIGURE 1.4. Distance traveled by three age classes of dispersing
wolves in the Superior National Forest, Minnesota, population,
1969 —-1989. (From Gese and Mech 1991.)

Dispersal Distances

The distances wolves disperse reflect the great variation
in types of dispersal, from merely moving to an adjacent
territory through floating around the local population to
dispersal up to 886 km (532 mi) distant (Mech and Fren-
zel 1971a; Van Camp and Gluckie 1979; Fritts and Mech
1981; Fritts 1983; Mech 1987a; Ballard et al. 1983; Messier
1985b; Gese and Mech 1991; Wabakken et al. 2001). The
data suggest that the younger the disperser, the farther it
disperses (fig. 1.4; see also Wydeven et al. 1995). This re-
lationship might relate to the growing familiarity with
the area or with the local population gained by a wolf as
it remains with its natal pack. Perhaps older dispersers
perceive more local opportunities, whereas younger dis-
persing animals feel less secure once they leave the fa-
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FIGURE 1.5. Dispersal of male wolf 1051 in the Superior National
Forest of Minnesota. Lines merely indicate the sequence of locations.
Only selected lakes are shown. (From Mech and Frenzel 1971.)

miliarity of their immediate social and physical sur-
roundings. A 10-month-old wolf, for example, would
only have had about 5 months of familiarity with its
pack’s territory and its immediate neighbors. Its naivete
as it wanders through unfamiliar regions might drive it
increasingly farther as it continues to seek security in
wolf-free areas.

Wolves that disperse long distances appear to travel
intently (Mech and Frenzel 1971a) in a manner that
seems goal-directed (fig. 1.5). Whether the goal is to
reach a particular kind of area, find a certain set of con-
ditions, or travel a certain distance before settling is un-
known. This type of travel is similar to that of translo-
cated wolves when homing, a behavior that adults are
good at if translocated less than about 130 km (80 mi)
(Weise et al. 1979; Fritts et al. 1984; L. D. Mech, unpub-
lished data). One possible deduction from this mode of
travel is that wolves unable to find a breeding position
locally are predisposed to proceed in a certain direction,
possibly for a certain time or distance, before looking for
a place to settle.

That the predisposition (Howard 1960) to distant dis-
persal might be genetic is an intriguing possibility. Gese
and Mech (1991) found little evidence for genetic simi-
larities in dispersal tendencies among the seventy-five
dispersers they studied. However, consider two anec-
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dotal cases. In Montana, two wolves 1 year apart in age
dispersed 9 months apart and ended up 150 km (90 mi)
away in the same pack 3 years later (Boyd et al. 1995). In
Minnesota, two wolves caught 5 km (3 mi), but 12 years,
apart were killed some 272 km (163 mi) away, 10 years,
but only 11 km (7 mi), apart (Mech 199se).

Some wolves disperse long distances as soon as they
leave their pack, while others float around the natal pop-
ulation first (Mech and Frenzel 1971a; Fritts and Mech
1981; Peterson, Woolington, and Bailey 1984; Messier
1985b; Mech 1987a). Both floaters and distant dispersers
can be found in the same litter (Mech 1987a), but why
some wolves disperse long distances without first float-
ing is unknown.

In addition, some wolves just float without ever dis-
persing long distances. A good example is male wolf 75
from the SNF study, who spent his life in an area of
about 1,288 km? (L. D. Mech, unpublished data). Born in
1987, this wolf paired serially with females in two neigh-
boring packs from 1989 through 1995. Even though each
female survived, male 75 left each one, then serially
paired again with two females that eventually were killed;
wolf 75 was then killed himself when with his sixth fe-
male in late 1996 (all the deaths were human-caused).
Other wolves in this area have floated around a region of
2,550 km? (996 mi®) (Mech and Frenzel 1971a).

Dispersal Direction

Care must be taken in analyzing wolf dispersal directions
because dispersal data, especially final locations of dis-
persers, are often obtained from harvesting programs or
other wolf studies. Such information is greatly biased to-
ward areas where wolf retrieval is most likely. The dis-
persal directions reported for Denali wolves may suffer
from such a bias (Mech et al. 1998).

In homogeneous habitat types, wolves would proba-
bly disperse equally in all directions. However, no habi-
tat type is homogeneous, and topography, wolf density,
and areas of human development no doubt play vary-
ing roles in steering dispersal direction. For example,
most northwestern Montana dispersers settled north-
northwestward in a narrow swath along the Rocky
Mountain chain where there were other wolves (Boyd et
al. 1995). It seems significant that few wolves inhabited
the areas south, east, and west of this dispersal corridor.

We might conclude from the Montana data that wolf
dispersal tends to be adapted toward maximizing the
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dispersers’ chances of breeding rather than toward locat-
ing maximal resources. Thus, instead of dispersing to-
ward areas of few wolves but much prey (e.g., south), the
Montana wolves dispersed toward established wolf pop-
ulations to the north (Boyd et al. 1995). Similar informa-
tion from Wisconsin seems to show the same pattern
(Wydeven et al. 1995). In other regions, however, both
male and female wolves have dispersed long distances
into wolf-free areas. For example, the Norway-Sweden
wolf population apparently was begun by dispersers
from a breeding population in Finland or Russia, more
than 1,000 km (600 mi) away (Promberger, Dahlstrom
et al. 1993, but cf. Sundqvist et al. 2001). In North and
South Dakota, dispersed wolves have been found as far
as 561 km (337 mi) from known breeding packs (Licht
and Fritts 1994). A radio-collared male wolf from Michi-
gan dispersed to Missouri, a 720 km (450 mi) move that
took him hundreds of kilometers from any wolf popula-
tion (J. Hammill, cited in Hutt 2002).

In the SNF, where the wolves studied were part of
a larger surrounding population, yearling and adult
dispersers initially headed in all directions. Pups and
females settled significantly more to the southwest, and
males to the north, for reasons unknown (Gese and Mech
1991). Lake Superior, lying some 35 km to the southeast,
probably biased dispersal direction.

The wolves that recolonized France about 1994 no
doubt dispersed from central Italy through the Apen-
nine Mountains (Lequette et al. 1995). The relative isola-
tion of the habitat type along the mountains, compared
to the areas of high human disturbance surroundingitin
the plains, probably helped funnel dispersing wolves to-
ward France and sped up the recolonization.

Finding a Mate and Territory

As indicated above, dispersing wolves must ultimately
find and acquire three things to succeed in life: a mate,
food resources, and an exclusive area. A disperser can
meet these needs by killing or usurping an established
breeder, but it risks getting killed itself. It can also join a
pack and lure out a mate, but it must then either disperse
again to an unoccupied area or “carve out” a territory
from the existing territorial mosaic, another risky strat-
egy. Or it can disperse to the edge of the population
range, locate a mate doing the same thing, set up a terri-
tory, and expand the species’ range (Fritts and Mech
1981; Wabakken et al. 2001).

Where wolves are harvested, territories are left va-
cant and pack social structure is fragmented. This greatly
enhances opportunities for budding wolves, floaters,
and near and distant dispersers to succeed in meeting
their life requirements. Thus it is common for harvested
or controlled wolf populations to recover within a few
years after harvesting stops (Ballard et al. 1987; Hayes
and Harestad 2000a).

When most of the recent wolf studies using radio-
tracking were being conducted, from the late 1960s
through the mid-1990s, wolves in many areas were living
in remnant populations, were legally protected, and
were expanding their range. Thus considerable informa-
tion is available about wolves dispersing to the edges of
their range. However, under natural conditions, when
wolves inhabited all of their range, such dispersal would
have been rare. Floating, usurping, and other local breed-
ing strategies would have predominated, as in many of
the longer-established wolf populations in Alaska, Can-
ada, and Minnesota. With such strategies, the actual de-
tection of any potential mates, unused resources, and
unoccupied territories would be prompt and direct.

Along the edges of the species’ range, wolves might
resort to more indirect means to evaluate their chances
in an area. Through their daily hunting, they would
learn whether the area provided enough catchable prey
to support them and their offspring. In addition, they
could determine through checking for scent marks and
howling whether wolves occupied the area and whether
there were potential mates there (see Harrington and
Asa, chap. 3 in this volume).

Lone wolves in wolf-free areas tend to scent-mark
and howl (Ream et al. 1985; R. P. Thiel, unpublished
data), whereas those traversing wolf-inhabited areas
tend not to (Rothman and Mech 1979; Harrington and
Mech 1979). Presumably loners on the edges of wolf
range need to advertise their presence, whereas those in
wolf-inhabited areas must conceal their presence for fear
of being harassed or killed.

Little is known about how wolves find mates, but the
process probably takes only days once two predisposed
individuals frequent the same region. The first wolf
Mech ever radio-tracked, a dispersing male, in 1 week
traveled more than 74 km (44 mi) and located a probable
female along the edge of the species’ range (Mech and
Frenzel 1971a).

Information from northwestern Minnesota’s expand-
ing wolf population, where most wolves were settling lo-



cally, is instructive here (Fritts and Mech 1981). Six of
seven dispersers paired within 8—30 days of leaving their
packs, whereas three wolves radio-collared as loners that
had already dispersed, possibly from outside the area,
took longer (95—148 days). This difference could mean
that pre-dispersers might be influenced to leave their
pack by the presence of potential mates hanging around
their area.

Pairing Success

Generally, dispersing wolves of both sexes have a high
rate of success in settling and pairing in new areas (see
above). Most studies indicating this involved popula-
tions that were expanding or were harvested (Fritts and
Mech 1981; Peterson, Woolington, and Bailey 1984; Bal-
lard et al. 1987). Nevertheless, the same was true even in
the relatively protected central SNF population of Min-
nesota. Although dispersal rate there varied with phase
of population trend, the pairing success of dispersers re-
mained the same whether the population was expand-
ing, declining, or stable (Gese and Mech 1991). In north-
central Minnesota, where the population was subject to
moderate human harvesting, all seventeen dispersers in
one study settled within 267 days of leaving their pack
and found potential mates (Fuller 1989b).

Dispersal beyond the Frontier

Some wolves become true pioneers by dispersing far be-
yond the frontier of their population. Examples include
thirteen wolves killed in the northwestern United States
from 1941 to 1978 (Nowak 1983), ten killed in North and
South Dakota from 1981 to 1992 up to 561 km (337 mi)
away from any breeding wolves (Licht and Fritts 1994),
and a Minnesota disperser killed by a car in Wisconsin at
least 80 km (48 mi), and probably 200 km (120 mi), from
the nearest other wolves (Mech, Fritts, and Wagner 1995;
see also Wabakken et al. 2001).

These pioneering wolves do not necessarily travel no-
madically over a large area seeking mates. They may just
disperse a long distance and then settle. In the Glacier
National Park area of northwestern Montana, some
160 — 400 km (96 —240 mi) from the nearest known wolf
population, a lone female was radio-tracked over a re-
gion of about 1,100 km? (430 mi?), but concentrated her
movements in two smaller areas, rather than moving no-
madically over this extensive region (Ream et al. 1985).
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Although the chances of distant dispersers finding a
mate are small, if they do finally pair, they can begin a
new population far from any source (Wabakken et al.
2001). About 20 months after the Montana female’s ra-
dio collar expired, tracks of a pair were found in the area
(Ream et al. 1985).

Multiple Dispersal

Although wolf dispersal typically occurs when animals
are maturing, and involves a single move to a new area,
some individuals may disperse and settle twice or more
(Boyd et al. 1995). It is even conceivable that multiple
dispersal is far more common than realized, but merely
undetectable with radio collars that typically last no
longer than 4 years.

In the SNF, for example, male wolf 75 dispersed from
his natal pack as a yearling, lived in three other packs
during the next 6 years, then successively paired with
(traveled consistently with) two lone females in the next
year, drifted as a loner again, then paired with another
female before finally being killed by a vehicle at the age
of 9.5 years (L. D. Mech, unpublished data). Two ex-
amples of male wolves dispersing and moving to succes-
sive packs were seen in Denali National Park (Mech et al.

1998).

Multiple Pack Affiliation

A few wolves associate with more than one pack more or
less at the same time, but little is known about this be-
havior (Van Ballenberghe 1983a). It is best documented
in a recolonizing population in northwestern Montana.
There, “two individuals [both sexes] traveled freely be-
tween two packs and were observed caring for pups in
two packs during one denning season” (Boyd et al. 1995,
139). As discussed below, such cases may involve related
packs.

Colonization

The history of the northwestern Montana wolf popula-
tion lends much insight into the colonization process. A
few months after the tracks of a pair of wolves were
found in the area, a litter of pups was born there in 1982
(Ream et al. 1991). Within the next few years, a total of
about seven more founders arrived in the area, and the
population had reached seventy wolves by 1996 (E. E.
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Bangs, personal communication). A similar process was
seen in Scandinavia (Wabakken et al. 2001).

As wolves colonize or recolonize an area, the first
pack soon begins to proliferate if conditions are favor-
able. The process of pack proliferation in Montana was
similar to that in northwestern Minnesota, where, from
1972 through 1976, the number of packs increased by
at least eight as a wolf population recolonized that area
(fig. 1.6). Similar processes took place during population
increases on Isle Royale (Peterson 1977; Peterson and
Page 1988) and on Alaska’s Kenai Peninsula (Peterson,
Woolington, and Bailey 1984).

At least part of the pack proliferation process is fos-
tered by dispersers from the original pack or packs
(Fritts and Mech 1981). Conceivably, the first new breed-
ers may be related animals, as they are on Isle Royale
(Wayne et al. 1991). However, it is also possible, and we
believe probable, that the mates of local dispersers from
a colonizing pack are usually new immigrants (Forbes
and Boyd 1996) that have gravitated to the territories of
the original founders and helped them proliferate into

FIGURE 1.6. Proliferation of a coloniz-
ing wolf population in northwestern
Minnesota. Numbers above the slashes
indicate pack size in winter; numbers
below the slashes indicate pack size in
spring. Solid lines indicate the mini-
mum area occupied by a pack; dashed
lines indicate the approximate locations
of non-radio-collared packs. (A) Size
of and minimum area occupied by
Clear River pack and Faunce pack in
1972—-1973. (B) Size of and minimum
area occupied by Clear River pack,
Faunce pack, and Winner pair in 1973—
1974. (C) Sizes of and areas occupied by
ten social units of wolves in 1974—1975.
(D) Sizes of and areas occupied by thir-
teen social units of wolves in 1975—1976.
(From Fritts and Mech 1981.)

adjoining territories, as Hayes and Harestad (2000a) also
suggested.

In Sweden (Bjirvall 1983; Wabakken et al. 2001) and
in Wisconsin (Wydeven et al. 1995), the recent wolf re-
colonizations proceeded in several disjunct areas as well
as proliferating from one core. This may have been be-
cause both these ranges contain “islands” of wilderness
interspersed with agricultural and settled areas, unlike
northwestern Minnesota and northwestern Montana.
The recolonization of the French Alps, while still under
way, shows a similar pattern (L. Boitani, unpublished
data).

A year after a female wolf in Sweden reached a male
that had been there for a few years, the two began pro-
ducing pups in 1983 and disseminating long-distance
dispersers, which then settled in new areas far from
the core (Promberger, Dahlstrom et al. 1993). Despite
considerable human-caused mortality, wolf numbers
in Sweden and neighboring Norway had reached about
thirty animals by 1994 (Wabakken et al. 2001).

In northwestern Wisconsin, which wolves began re-



colonizing in the mid-1970s (Thiel 1978; Mech and
Nowak 1981), a cluster of four contiguous territories had
been formed by 1979 (Wydeven et al. 1995). From 1979 to
1991, the wolves settled widely separated suitable areas
(areas of low human accessibility), then gradually began
filling in areas among them (Wydeven et al. 1995).

Because the wolves colonizing Sweden and Wisconsin
had to have originated in wilderness, they probably se-
lected disjunct wilderness areas in which to settle. Or,
conceivably, any that tried to settle in unsuitable areas
near existing packs were killed by humans. In both Swe-
den (Wabakken et al. 2001) and Wisconsin (Wydeven et
al. 1995), humans caused much of the wolf mortality that
occurred during colonization.

Of considerable interest is the observation that, dur-
ing colonization, some wolves disperse out of the colo-
nizing population foci and travel long distances through
both wolf-free and wolf-inhabited regions (Fritts and
Mech 1981; Wydeven et al. 1995; Boyd et al. 1995). It
would seem more logical for them to settle locally, given
the abundance of seemingly suitable areas available,
where in fact other wolves do settle. Their failure to do
so may evince a genetic predisposition for distant dis-
persal. The possibility that these wolves disperse far to
seek unrelated mates tends to be negated by their passing
through wolf-inhabited areas, where presumably unre-
lated candidates would be available. (See Mech 1987a for
further discussion of distant dispersal.)

The Yellowstone National Park wolf reintroduction of
1995 provided interesting observations of wolf dispersal
into an area with no breeding wolves. Male wolf Ri2
from the Soda Butte pack dispersed in January 1996, af-
ter the pack had been settled in a territory for 9 months.
He then traveled in a semicircle that reached areas about
100 km (60 mi) southeast, 175 km (105 mi) south-south-
east, and 240 km (144 mi) south of his pack territory
before he was illegally killed (M. K. Phillips and D. W.
Smith, personal communication). Conceivably, the ani-
mal was seeking out other wolves, and after not finding
any after a certain distance, was continuing in a broad
circle around his dispersal point.

Territoriality

Wolves generally are highly territorial (Mech 1973, 1994a;
Van Ballenberghe et al. 1975; Fritts and Mech 1981; Jor-
dan et al. 1967; Peterson 1977; Peterson, Woolington,
and Bailey 1984; Messier 1985a; Ballard et al. 1987; Fuller
1989b; Ream et al. 1991; Meier et al. 1995; Mech et al.
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1998). The development of territoriality is thought to
depend on the influence of competition, the economic
defensibility of resources, and the adaptive value of ag-
gressiveness (see below) in relation to variation in these
factors (Brown 1964).

The adaptiveness of territoriality has been explained
as follows: “Territoriality is a very special form of contest
competition, in which the animal need win only once
or a relatively few times. Consequently, the resident ex-
pends far less energy than would be the case if it were
forced into a confrontation each time it attempted to
eat in the presence of a conspecific animal” (Wilson
1975, 268).

This explanation seems appropriate for wolves, for
their territories encompass large areas replete with high
numbers of prey. As wolves circulate about their territo-
ries seeking prey they can catch and kill, they rarely en-
counter neighbors, even along the edges of their territo-
ries. One of the main reasons they do not is that their
territories are often so large (tens to thousands of square
kilometers) that chance alone minimizes the possibility
(see below).

A case has been made that wolf territorial patterns
“arise naturally as steady state solutions” to the media-
tion of wolf movements and behavior by the presence or
absence of foreign scent marks (Lewis and Murray 1993,
738). According to this theory, wolf movement is pri-
marily dispersive, and marking frequency is low, in the
absence of foreign marking, but with foreign marking,
movement is toward an organizing center, and scent
marking increases. The theory assumes that marks lose
strength with age (Peters and Mech 1975b). A new model
yields distinct home ranges through interaction between
scent marking and movements in response to familiar
marks (Briscoe et al. 2002).

Implied in the concept of territoriality is the need
for defense, for a territory, by definition, is a defended
area (Burt 1943). In theorizing about the implications
of territoriality from an evolutionary perspective, vari-
ous workers have uncovered several problems that a
territorial species must solve. For example, defending a
territory must be energetically efficient (Brown 1964),
and defense must not take so much time or energy as to
hamper courtship, copulation, and care of young (Wil-
son 1975).

The need to solve these problems is especially acute
for a species with such large territories as the wolf’s.
However, the wolf has evolved very successful physical
and behavioral solutions. The key to the wolf’s solutions
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is the ability and inclination to travel far and wide. The
animal’s physical stature, long legs, blocky feet, and pow-
erful muscles allow it to travel tirelessly at about 8 km
(5 mi)/hr for many kilometers per day in all sorts of cli-
matic conditions (Mech 1966b, 1970, 1994a).

Widespread and regular travel functions both to help
the wolf secure prey (see Mech and Peterson, chap. 5 in
this volume) and to mark its territory (see below). Even
a territory as large as 1,600 km? (625 mi?) (Mech 1988a;
Meier et al. 1995) has a diameter of only about 40 km (24
mi). Wolves can cover this distance in less than a day
(Mech 1966b, 1970). Since wolves both hunt and mark as
they travel, and since marks are effective for long periods
(Peters and Mech 1975b), this behavior allows efficient
territorial defense. Howling at various locations along
their routes, including homesites, complements this de-
fense (see below).

In a well-established wolf population, a territorial mo-
saic develops (fig. 1.7). Each pack competes with neigh-
bors for space and resources, and considerable territo-
rial tension characterizes the population. The natural
expansion tendency of each individual wolf has long
been recognized (Schenkel 1947), and this trait expresses
itself among packs as well. This expansion tendency al-
lows the wolf population to adjust constantly, as a “flex-
ible strategist” (von Schantz 1984), to variations in prey
availability.

Each pack territory can in some respects be consid-
ered a mini-ecosystem, although not to the extreme
degree Haber (1977) postulated. The size of a territory,

FIGURE 1.7. Wolf pack territories as
first delineated in the Superior National
Forest of Minnesota. Large numerals
identify wolf packs, and lines around
them indicate approximate pack terri-
tory borders. Small numerals represent
the sizes of packs, or numbers of tracks,
observed outside of the intensive study
areas (lone wolves were not plotted).
(From Mech 1973.)

the abundance of prey there, and the size of the pack oc-
cupying the territory are interdependent, consistent
with the resource dispersion hypothesis (D. W. Macdon-
ald 1983) discussed above, and these characteristics are
unique for each territory.

Territory Size

A wolf pack’s territory and home range are the same,
since the territory is the defended home range. Home
range size generally is related to an animal’s size (McNab
1963), and body size explains about 75—90% of the vari-
ation in carnivore home range size (Harestad and Bun-
nell 1979). For wolves, however, this postulated rela-
tionship predicts a territory four times the size of the
average home range used (n = 30) in helping derive the
relationship. Thus the postulated relationship applies in
only a very general way to wolves and provides little
information about why wolves use the size territories
they do.

Most mammals have little trouble finding and pro-
cessing food, so it is not surprising that there is a general
relationship between body size and home range size. In
general, the larger the animal, the more food it requires,
and the larger the area it needs to acquire that food.
However, because wolves must hunt far and wide for
prey they can catch and kill, it takes a disproportionately
large area to support enough vulnerable prey (see Mech
and Peterson, chap. 5in this volume). Furthermore, both
prey populations and prey vulnerability can fluctuate by



orders of magnitude, and some prey are migratory or
nomadic, greatly influencing the area a pack may need to
cover.

Wolf pack territories vary in size by orders of magni-
tude. Estimated territory size depends considerably on
the number of points used to define the territory, the
period over which the points were derived (Fritts and
Mech 1981; Scott and Shackleton 1982; Bekoff and Mech
1984; Mech et al. 1998), and the method used to analyze
the points. Thus data from various studies are only
roughly comparable. Nevertheless, the comparisons that
can be made are instructive (Okarma et al. 1998).

The smallest well-documented territory reported
seems to be that of the Farm Lake pack of six in north-
eastern Minnesota, which occupied an estimated 33 km?
(13 mi?) (88 locations) (L. D. Mech and S. Tracy, un-
published data). At the other extreme, Denali National
Park’s McKinley River pack of ten inhabited a 4,335 km?
(1,693 mi®) territory (51 locations year-round) in 1988
(Mech et al. 1998), and another Alaskan pack of ten cov-
ered some 6,272 km? (2,450 mi?) in a 6-week period (cal-
culated from Burkholder 1959).

Some wolves make grand excursions over areas of
over 100,000 km? (38,000 mi?) (P. C. Paquet, personal
communication), but they are not considered here be-
cause the areas they cover do not seem to be defended. In
addition, migratory wolves that follow migratory cari-
bou herds (see below) occupy areas averaging 63,058 km?
or 24,600 mi” annually (Walton et al. 2001).

Territory Size and Pack Size
In establishing a territory, a pair of wolves must select an
area far larger than they themselves would need to gain a
living (Peterson, Woolington, and Bailey 1984), because
they can expect to produce an average of five or six pups
per litter (Mech 1970), which they must feed. When pups
are only 6 months old, they consume as much as adults
(Mech 1970), which means that pack size and resource
needs suddenly quadruple. Furthermore, some packs in-
clude not only a pair of parents and a litter of pups, but
also offspring of earlier years, increasing pack size by a
factor of up to fifteen. Thus a pair must either establish
a territory up to fifteen times as large as they require to
sustain themselves, or they must later expand their terri-
tory by this much.

Wolf pairs colonizing unoccupied habitat could re-
sort to either approach, whereas those trying to carve
out territories in an existing mosaic would have to start

WOLF SOCIAL ECOLOGY 21

smaller and try to expand. In the many wolf populations
that are exploited by humans, the exploitation some-
times leaves large gaps in the mosaic. There, pairs could
assume full-sized territories whose occupants were re-
cently destroyed.

Wolf pairs seem to resort to all the above approaches.
On Alaska’s Kenai Peninsula, where wolves are moder-
ately exploited, two newly formed pairs established ter-
ritories with areas per wolf three to four times larger
than those of larger packs (Peterson, Woolington, and
Bailey 1984), then maintained them as their packs grew.
Hayes et al. (1991) found the same pattern in the Yukon.
In Denali, the Headquarters pack maintained a territory
of about 600 km? (234 mi®) as a pair in 1987 and also
when there were fourteen members in 1989 (Mech et al.
1998). When pack size declines, the remaining adult pair
continues to maintain a large territory (Mech 1977a).

In a newly colonizing population in northwestern
Minnesota, wolf pack territories began large and were
compressed considerably as more and more packs
formed and began filling the available space. Not only
did individual pack territories shrink by 17—-68%, but
one territory that began as 555 km” (217 mi®) eventually
was occupied by four packs (Fritts and Mech 1981). In
the Yukon, wolves recolonized an area in a similar pat-
tern, with pack territories even overlapping after satura-
tion (Hayes and Harestad 2000a).

It appears that the general competitiveness or aggres-
siveness of a pack increases with its size (Zimen 1976). By
expanding a territory only slightly around the periphery,
a pack could gain a considerable amount of space. For
example, a territory of 250 km? (100 mi*) would have a
radius of 8.9 km (5.3 mi). The addition of only 1 km
more to its radius would add 58 km?, or 23% more space.

However, because pairs usually establish territories
large enough for a full-sized pack from the beginning,
the degree of expansion necessary is not great. Thus, in
most relatively intact (saturated) wolf populations, there
is only a minor relationship between pack size and terri-
tory size (Potvin 1988; Fuller 1989b; Mech et al. 1998). On
the other hand, where human harvesting is high and the
region is not saturated, pack size and territory size may
be related (Peterson, Woolington, and Bailey 1984; Bal-
lard et al. 1987, 1997).

Territory Size and Prey Biomass
One would expect that, on average, the greater the
amount of prey (prey biomass) in an area, the smaller a
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TABLE 1.3. Relationship between latitude and wolf pack territory size

for wolves in North America

Latitude Mean territory

(°N) size (km?) ml? Source

46 137 54 Wydeven et al. 1995

46 199 78 Potvin 1988

47 625 244 Messier 1985

48 1984 77 Mech 1973

48 285 111 Fuller 1989b

48 344 134 Fritts and Mech 1981

49 69 27 Scott and Shackleton 1982

51 260 102 Carbyn 1980

56 1,028 402 Fuller and Keith 1980a

60 638 249 Peterson, Woolington,
and Bailey 1984

60 795 311 Carbyn et al. 1993

61 1,645 643 Ballard et al. 1987

62 1,478 577 Hayes 1995

64 1,330° 520 Mech et al. 1998

65 1,868 730 Ballard et al. 1997

70 1,225 479 Stephenson and James 1982

80 =2,600 1,016 Mech 1988a

Note: See also Okarma et al. 1998.

“Calculated from data presented.

wolf pack territory would need to be. Many variables
would affect this relationship, such as pack size, prey size
and distribution, population lags, and differences in
prey vulnerability. However, overall, such a relationship
should exist (Walters et al. 1981), and for wolves feed-
ing on widely varying densities of moose (Messier 1985a)
and white-tailed deer (Fuller 1989b; Wydeven et al.
1995), there is good evidence that it does. In general,
about 33% of the variation in wolf pack territory size is
explainable by prey biomass (see Fuller et al., chap. 6
in this volume). Further confirmation comes from a
strong relationship between latitude and territory size
(see next section), since prey biomass density declines
with latitude. Nevertheless, this relationship is compli-
cated by patterns of variation in prey biomass over time
(both within and between years) and space (clumped
or dispersed), as well as by social and other ecological
variables.

Territory Size and Latitude
Even though, due to methodological differences among
studies, only gross relationships between territory size

and latitude are detectable, one of the strongest links that
does appear is that the higher the latitude, the larger the
territory (r? = .83; P < .00001; table 1.3). This relation-
ship probably results from the fact that productivity, and
thus biomass density (standing crop), decreases with lat-
itude (Rosenzweig 1968). In reality, then, this relation-
ship is probably an extension of that between territory
size and prey biomass (see above).

Territory Shape and Boundaries

Theoretically, if territory holders are competing maxi-
mally with neighbors, territorial mosaics should re-
semble the hexagonal cells of honeybee hives (Grant
1968; Wilson 1975). This spacing allows the maximum
number of territories with the least space among them
(Wilson 1975). The earliest published wolf territorial
mosaic fits this model (see fig. 1.7), as do most later re-
ports including sufficient numbers of territories (Fritts
and Mech 1981; Messier 1985a; Ballard et al. 1987; Fuller
1989b; Mech, Meier, and Burch 19915 Mech et al. 1998;
Hayes and Harestad 2000a).



Of course, landscape features also influence this basic
mosaic structure. On Isle Royale, for example, which is
72 km (43 mi) long and 14 km (8 mi) wide, wolf pack ter-
ritories tend to lie along the length of the island, but in-
clude its entire width (Peterson and Page 1988). This pat-
tern may indicate that wolves grasp the idea of an easily
defended boundary (the shoreline) and possibly some
notion of the extensiveness of their territory. Otherwise,
they might have divided the island up, for example, into
parallel strips.

In mainland areas, topographic features such as long
lakes also seem to be used as boundaries, as in the case of
the Skilak Lake pack on the Kenai Peninsula (Peterson,
Woolington, and Bailey 1984, 23). In the SNF Mech
tracked a pack of seven to nine wolves for 2 km south-
westward along the length of frozen Mahnomen Lake,
which apparently formed their northwestern boundary.
Thirteen times they had approached to within several
meters of the opposite shore; each time, they had veered
back toward the middle of the lake, presumably having
detected their neighbor’s’ scent marks along the shore
(Peters and Mech 1975b). In other areas, wolf pack terri-
tory boundaries adjoin extensive marshes and conifer
swamps where ungulate prey are not present (Fritts and
Mech 1981).

Territory Shifts

The degree to which territorial boundaries are stable is
an intriguing question that is not easily answered (but
cf. Haber 1977). One of the main problems involves
methodology. Most estimates of wolf territory bound-
aries are based on sampling of wolf movements by radio-
tracking. However, because this is usually done via air-
craft and is expensive, only a tiny proportion of a wolf
pack’s movements are ever sampled.

Assuming that wolves travel 20 km (12 mi) per day,
for example, and that a location data point represents
their location to within 200 meters, then one location
per day represents 1% of that day’s locations. Most radio-
tracking studies gather one or two locations per week.
Thus the wolf pack territories described by biologists are
only gross approximations of reality. Territory sizes can
be reasonably estimated by determining when any addi-
tional points in a given sample contribute insignificantly
to the calculated area (Fritts and Mech 1981; Scott and
Shackleton 1982; Bekoff and Mech 1984).

However, determining precise territorial boundaries
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FIGURE 1.8. Varying minimum convex polygons (MCPs) resulting
from four random selections of 50 points each from the same matrix
of points. Note apparent differences in borders of MCPs due to sam-
pling error. (From M. Bekoff and L. D. Mech, unpublished data.)

is impossible with standard radio-tracking. Given even
a known or simulated territory, different sampling
schemes produce grossly different boundaries (fig. 1.8).
Thus researchers’ perceptions of seasonal or yearly
boundary shifts, for example, must be viewed very cau-
tiously (Mech et al. 1998). Also, the use of old location
data along with new may give an outdated or distorted
picture of the current territory. (The use of Global Posi-
tioning System collars may help solve this problem:
Merrill et al. 1998; Merrill 2002.) Even snow tracking
cannot be relied on to yield a full understanding of a
pack’s territory, because rarely, if ever, does weather al-
low one to track wolves in the snow for months on end
and thus learn the full extent of their territory.

Furthermore, there is no reason to believe that a pack
territory is a constant, stable area. Rather, wolf packs in
saturated populations are always competing with neigh-
bors, defending their own areas and probably jockeying
for advantages along whatever their current borders are.
In exploited populations, such turbulence is no doubt
accentuated.

Given all the above considerations, something can
still be said about the spatial dynamics of wolf pack ter-
ritories. As expected, the greatest shifts in wolf pack ter-
ritories occur in colonizing or recolonizing populations.
No doubt this is because of the lack of constraint by any
neighboring packs. The Montana Magic pack shifted its
territory 50 km (30 mi) south (Ream et al. 1991), and the
Soda Butte wolves of the reintroduced Yellowstone pop-
ulation apparently shifted their territory back and forth
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FIGURE 1.9. Distribution of locations
of the Harris Lake pack in the Superior
National Forest for various periods,

as shown by radio-tracking: (A) winter
1968 —69; (B) summer 1969; (C) win-
ter 1970—71; (D) summer 1971; (E) win-

ter 1971—72; (F) summer 1972; (G) winter
1972—73; (H) summer 1973; (I) winter
1973—74; (J) summer 1974; (K) winter
1974—75; (L) composite of all winters;
(M) composite of all summers; (N) com-
posite of all locations, summer and win-
) ter. (All trespasses are excluded.) (From

o N Mech 1977a.)
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over a large area (M. K. Phillips and D. W. Smith, per-
sonal communication). In both cases, these shifts could
have been seasonal movements, since they occurred in
autumn and could have been related to prey migrations.
In the Yukon, such shifting by packs into the wolf re-
moval area was more important in early years than later
in the recolonization (Hayes and Harestad 2000a).

In the colonizing population of northwestern Min-
nesota, several packs shifted their territories grossly
enough that the observed shifts were probably real
(Fritts and Mech 1981). In some cases, the shifts were re-
lated to the formation of new packs that began filling up
the available area. Hayes (1995) believed that his data
showed that, during the first 2 years of his population’s
recovery in the Yukon, pack territories were exclusive,
but that after enough territories developed, they began
to overlap. Other gross shifts in wolf pack territories
have been reported on the Kenai Peninsula (Peterson,
Woolington, and Bailey 1984), in central Alaska (Ballard
et al. 1987), in north-central Minnesota (Fuller 1989b),
and in Wood Buffalo National Park (Carbyn et al. 1993).

In saturated wolf populations, of course, each pack
territory is surrounded by others, so that any territorial
shifts involve neighbors. Our impression is that the bor-
ders of most territories in the mosaic are constantly
shifting, but that the center of each territory remains ap-
proximately the same over the years (fig. 1.9). Superim-
posed on this dynamism are the interactions among
packs described earlier that snuff out some packs or cre-
ate new territories as a wolf population fluctuates (Meier

et al. 1995).

Seasonal Shifts in Territories

Because ungulates shift their movements seasonally to
varying degrees, so too do the wolves that prey on them.
Some territory shifts can be relatively minor, such as
those within small territories where white-tailed deer
are the primary prey (Van Ballenberghe et al. 1975; Mech
1977a). However, when SNF deer numbers were low
during the 1970s and no deer remained in certain wolf
territories during winter, those packs migrated some
50 km (30 mi) out of their usual territories. They then
became nomadic around areas of up to 1,500 km? (585
mi?) before returning to their territories in spring and
denning there (L. D. Mech, unpublished data). Simi-
larly, in central Italy, wolves made small-scale shifts dur-
ing summer to the sheep-grazing areas (Boitani 1986).

Migration

In some regions, wolves migrate altitudinally as prey such
as elk or moose that spend the summer in high areas mi-
grate to valleys for the winter (Cowan 1947; Carbyn 1974;
Ballard et al. 1987; Ream et al. 1991). In such cases, it ap-
pears that the packs remain territorial, but just shift their
territories with the movements of the prey.

Where wolf prey are highly migratory, the wolves
themselves must also migrate, unless alternative prey
can tide them over until the migratory prey return. The
longest wolf migrations are those in which wolves follow
caribou herds, at times for up to 508 km (305 mi) (Kuyt
1972; Parker 1973; Miller and Broughton 1974; Miller



1975; Stephenson and James 1982; Ballard et al. 1997; Wal-
ton et al. 2001). In Kazakhstan, wolves follow the saiga
antelope herds to their wintering grounds, and in central
Canada, they track the long seasonal habitat type shifts
of bison (Carbyn et al. 1993).

Little is known about the extent to which wolves
are territorial during migrations, or when several packs
are focused around prey concentrations during winter.
Although pack ranges in some such areas do overlap,
wolves still kill other wolves in such areas (Carbyn et al.
1993). In Yellowstone, the newly established packs main-
tain different territories in summer and winter, even
around the high elk concentrations that inhabit the area
(M. K. Phillips and D. W. Smith, unpublished data).

Territory Buffer Zones

Most studies of wolf pack territories indicate a certain
amount of overlap among territories (see also Mech and
Peterson, chap. 5 in this volume). The degree to which
this overlap is spatial or spatio-temporal (Mech 1970;
Ballard et al. 1987) has not been analyzed, and given the
problems described above with radiotelemetry sam-
pling, such an analysis may not be forthcoming any time
soon. However, biologists have tracked wolf packs in
snow enough to demonstrate that, at least along the im-
mediate territory edge, movements of neighboring packs
may overlap during short periods (Peters and Mech
1975b; Peterson and Page 1988).

Given this overlap, Mech (1977d) proposed that the
overlap area is a kind of buffer zone between packs.
Based on the fact that during a drastic deer decline, the
wolves in the SNF eliminated deer first from the cores of
their territories and only last from the edges, Mech
(1977a,d) deduced the existence of the buffer zone,
thought to be about 2 to possibly 6 km (1.2—3.6 mi) wide
(Peters and Mech 1975b; Mech 1994a). He believed that
the reason deer survived longer along the territory edges
might be that neighboring packs felt more threatened
there, so spent less time there, and thus deer bore less
hunting pressure in these areas (Mech 1977a,c) (see
Mech and Peterson, chap. 5 in this volume).

Evidence that buffer zones are areas of contest comes
from an analysis of locations where wolves were killed by
other wolves. In the SNF, in 1968-1992, 23% of twenty-
two wolf-killed wolves perished along the estimated edge
of their territory; 41% were killed along the edge or
within 1 km of the edge, and 91% within 3.2 km of the
edge (Mech 1994a). In the Yukon, 35% of wolf-killed
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wolves were killed within 2.5 km of their territory edge
(Hayes 1995). In Denali, eight of twelve wolves killed by
other wolves within their own territories (75%, a sig-
nificant disproportion) died within 3.2 km of their esti-
mated territory border, an area constituting only 29% of
the average territory there (Mech et al. 1998). There is
also theoretical evidence that buffer zones may be prey
refuges (Lewis and Murray 1993) and that territorial sta-
bility in such zones would require inter-pack aggression
by wolves (Taylor and Pekins 1991), which has been dem-
onstrated (see above).

Territorial Defense

The concept of territoriality implies defense of an area
(Burt1943), and that defense theoretically should require
less energy than that gained as a result of the defense
(Brown 1964; Wilson 1975). The degree to which terri-
torial defense is seasonal is unknown; however, territo-
rial advertisement and defense tend to peak during the
breeding season (Peters and Mech 1975b; Harrington
and Mech 1979), as does aggression (Zimen 1976).

For a wide-ranging animal like the wolf, the prob-
lem of defending its entire home range is great. Wolves
have solved this problem through a combination of at
least three types of defensive behavior: scent marking,
howling, and direct attacks. The first two behaviors are
detailed by Harrington and Asa in chapter 3 in this vol-
ume, and will be discussed only briefly here. Both be-
haviors are indirect, and they complement each other in
their application.

Scent Marking

Wolf scent-marking behavior used for territorial ad-
vertisement includes raised-leg urination (RLU) and
perhaps standing urination (STU) by males, flexed-
leg urination (FLU) and possibly squat urination (SQU)
by females, and perhaps defecation (SCT) and ground
scratching (SCR). Products of these behaviors are left, on
average, every 240 meters throughout wolf territories,
but especially along regular travelways and at junctions
(Peters and Mech 1975b). Scats may carry anal gland se-
cretions, and scratching may distribute secretions from
interdigital glands (Peters and Mech 1975b; Asa et al.
1985).

Both wolf and coyote packs leave twice as many
marks along the edges of their territories as in the core,
resulting in an “olfactory bowl” (fig. 1.10, Peters and
Mech 1975b; Bowen and Cowan 1980; Paquet 1991a; but
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FIGURE 1.10. In this model of the distribution of raised-leg urina-
tion (RLU) scent marks, RLUs are indicated throughout the territory
of one wolf pack (black dots) and for the areas where six neighbor-
ing packs border this territory. Each different symbol represents the
marks of a different neighboring pack. Travel routes are simulated,
but mean RLU density and territory size are to scale for a territory
approximately 20 km (12 mi) wide. Note the bowl-shaped effect
caused by heavier scent-marking by both the resident pack and its
neighbors at the edges of the territory (Peters and Mech 1975).

cf. Barrette and Messier 1980). Scent marking appears to
serve as a long-lasting (2—3 weeks) means of advertising
a pack’s presence.

Three aspects of scent marking imply that one of its
most important functions is to deter neighbors from in-
truding (Peters and Mech 1975b): First, territorial packs
mark, but nonterritorial animals do not. Second, packs
that trespass into neighboring territories suspend mark-
ing until they return to their own territories, at least in
the SNF (L. D. Mech, unpublished data). Finally, wolves
are intimidated and deterred by neighbors’ marks (Pe-
ters and Mech 1975b; Peterson 1977; Mech 1993a; L. D.
Mech, unpublished data). There may be several other ef-
fects and functions of scent marking in relation to terri-
torial defense, but these have yet to be explored.

Howling
The main disadvantage of scent marking as a means
of advertising a territory is that it has little effect over
long distances. Thus howling nicely complements scent
marking. Although howling has several functions, at
least one of them seems to be to inform neighboring
packs that a territory is occupied (Joslin 1967; Harring-
ton and Mech 1979).

Indications are that in forested areas, wolves can hear

howling at distances of up to 11 km (6.6 mi) (Harring-
ton and Mech 1979) and on open tundra at up to 16 km
(9.6 mi) (R. O. Stephenson, unpublished data, cited in
Henshaw and Stephenson 1974; L. D. Mech, unpub-
lished data). Observations of wolf packs howling to each
other over expansive territories are necessarily rare, but
territorial packs reply to human howling (Pimlott 1960;
Joslin 1967; Harrington and Mech 1979).

Furthermore, wolves seem to be able to pinpoint the
precise location of human howlers from distances of
2.7 km (1.6 mi), at least on tundra (L. D. Mech, unpub-
lished data). Breeding animals tend to approach the
howler (Joslin 1967; Peterson 1977; Harrington and Mech
1979), sometimes minutes after howling has stopped
(L. D. Mech, unpublished data). Although no one has
witnessed two packs interacting as a result of howling,
the usual reaction of wolves encountering non-pack
members is fighting and chasing (see below).

Direct Territorial Defense

Howling and scent marking must minimize the chances
of neighboring wolves encountering one another. On
the other hand, packs do sometimes meet up with each
other, and these encounters often result in wolves being
killed (Mech 1994a). Because the consequences of terri-
torial encounters are so severe, and because systems are
in place to avoid them, there is reason to believe that wolf
territorial encounters are a result of either desperation
(i.e., a wolf or wolves taking a chance for some kind
of temporary gain), or deliberate aggressiveness (i.e.,
wolves seeking out others to kill or displace).

The main reason wolves might be desperate is proba-
bly hunger. Certainly in the SNF, the most trespassing by
territorial packs deep into the territories of neighbors to
kill prey was seen during a severe prey decline (Mech
1977a,b; L. D. Mech, unpublished data), and in Quebec,
packs that made extraterritorial excursions were those in
areas of low prey density (Messier 1985b). On Ellesmere
Island, three of the five encounters that Mech and asso-
ciates observed between a resident pack and outsiders
involved food competition (fig. 1.11); one encounter
ended in the death of the stranger (Mech 1993a; L. D.
Mech, unpublished data). In Wood Buffalo National
Park, a wolf pack that killed a bison in another pack’s ter-
ritory soon saw at least two of its members killed by the
resident pack (Carbyn et al. 1993).

Deliberate attacks on neighbors represent more than
territorial defense, but the tendency toward such be-
havior certainly must help enforce territoriality, as with



FIGURE 1.11. A breeding male wolf (right) attacks a strange wolf
(left) near the edge of the breeder’s territory. (From Mech 1993a.)

coyotes (Gese 2001). Forays into neighboring territories
(fig. 1.12) and attacks on neighbors must be a result of a
certain aggressiveness, to be discussed below. Many such
deliberate attacks have been recorded (Haber 1977; Mech
1977a; L. D. Mech, unpublished data; Peterson 1977;
Meier et al. 1995). In both northwestern Minnesota and
Riding Mountain National Park (Manitoba), at times
when there appeared to be abundant prey, wolf packs
displaced neighboring packs (Fritts and Mech 1981; Car-
byn 1981).
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Whether encounters between packs are due to delib-
erate attacks or food competition, the end result is often
death. As indicated above, most wolf deaths resulting
from wolf attacks take place near territory boundaries or
within buffer zones (see below), and killing by other
wolves is one of the commonest causes of natural wolf
mortality (Mech 1977b; Mech et al. 1998). Thus wolf pack
territorial defense can be considered the most important
feature of wolf spatial ecology.

Competition and Intraspecific Strife

“The predominant single factor tending to increase ag-
gressiveness through natural selection should be compe-
tition” (Brown 1964, 161). Viewed on a population scale,
wolf competitiveness is a pervasive phenomenon. Social
competition in wolves is always intense. This contention
may imply that the “ecological requisites” of wolves al-
ways exist at less than optimal levels (Brown 1964).
However, even where food is abundant and the
wolf population is low— conditions that Brown (1964)
claimed should minimize territorial defense—wolves
are keenly competitive. Such conditions characterize
colonizing populations, but even in those populations,
fatal attacks are known to occur (Fritts and Mech 1981;
Wrydeven et al. 1995; R. R. Ream et al., personal commu-
nication). Furthermore, the three packs of reintroduced
Yellowstone wolves released concurrently restricted their
ranges within a few weeks and intermingled their areas
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FIGURE 1.12. Movements of Isle Royale’s
East pack into traditional West pack terri-
tory in 1974 (Peterson 1977).
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only minimally (M. K. Phillips and D. W. Smith, per-
sonal communication). Fatal aggression between mem-
bers of two adjacent packs released in 1996 was observed
within 6 months of release. The prey supply in the area
numbered in the thousands.

It is easy to see why, in a declining wolf popula-
tion with decreasing resources, the remaining members
would be highly competitive. In an increasing popu-
lation, too, competition should be keen because of
the greater wolf numbers. The main difference between
these two situations is that in an increasing population,
the competitors are more likely to be kin than in a de-
creasing population (see above). Thus perhaps competi-
tion with close neighbors should be less intense in an in-
creasing population.

The only observed relationship between the annual
rate of wolves killed by wolves in the SNF from 1970
to 1989 (L. D. Mech, unpublished data) and population
phase (Gese and Mech 1991) was that from 1978 through
1985, when the wolf population was lowest on average,
intraspecific mortality was also lowest (L. D. Mech, un-
published data). This information, as well as observa-
tions of wolf packs tolerating each other when meeting
(Pimlott et al. 1969), suggests that there may be periods
when competition is relatively low. Most likely such
times would be either when prey is surplus to the wolves’
immediate needs or when relatedness among adjacent
wolf packs is high. On the other hand, even when food
appeared to be in surplus on Isle Royale, West pack II
sought out and attacked other wolves (Peterson and Page
1988).

There is no absolute limit on competition among
wolf kin, however. This is apparent within a pack when
food is short; adults compete fiercely with yearlings,
yearlings with pups, and pups with one another (see
Packard, chap. 2 in this volume). Furthermore, on Isle
Royale, where all wolves are related as closely as siblings
(Wayne et al. 1991), wolves space themselves territorially
and behave toward each other like any outbred popula-
tion, and still kill each other (Peterson 1977; Peterson
and Page 1988). This does not necessarily mean that
wolves would kill close kin under other circumstances,
for when all competitors are closely related, kin compe-
tition would be maximized. The only record we know of
wild wolves killing close kin other than on Isle Royale
involves apparent sisters in Yellowstone National Park
(McIntyre and Smith 2000), although admittedly gath-
ering such data is difficult.

Wolf aggressiveness might stem from food competi-

tion, breeding competition, or both. Nothing is known
about the possibility of packs competing for breeding
opportunities; however, the incidents described above
in the section titled “Usurping a breeder” could be ex-
amples of such competition. In any case, analyses of
deaths of wolves due to wolf attacks over a 22-year period
in the SNF (Mech 1994a) and a 9-year period in Denali
National Park (Mech et al. 1998) suggest that such intra-
specific strife primarily represents territorial competi-
tion that reduces competing breeders and increases op-
portunities for packs to expand their territories, while
indirectly tending to hold each pack in its territory.

This conclusion is supported by several lines of evi-
dence. First, it is primarily maturing or mature wolves,
which are the territory holders, that are killed by other
wolves (L. D. Mech, unpublished data). Second, killings
are concentrated in the few months before and after the
breeding season (L. D. Mech, unpublished data), when
chances are greatest of interfering with a neighboring
pack’s annual reproductive increase. Successful interfer-
ence would reduce the pressure the neighboring pack
would place on a pack’s food supply and thus on its spa-
tial needs. Third, some deaths involve individuals killed
in their established territories by invaders. This last evi-
dence tends to rule out strict territorial defense as the
sole motive for intraspecific strife, although the terri-
torial competition explanation obviously encompasses
territorial defense.

Fates of Fractured Packs

Fractured packs are packs whose key members are lost to
various sources of mortality. The fates of these packs de-
pend a great deal on just which members are lost. Since
the core of the pack is the breeding pair, the loss of any
or all of their offspring means merely that the pair con-
tinues to hold the territory. Even with the loss of one
member of the pair, the other member may hold the ter-
ritory until a new mate arrives (see above). In Wiscon-
sin’s colonizing population, some single adult wolves
that had lost a mate remained in their territories for
years before finding another mate (R. N. Schultz and
P. C. Wilson, unpublished data).

When the breeding pair is lost, the remaining mem-
bers of the pack may disperse and join the floaters in the
population (Meier et al. 1995; L. D. Mech, unpublished
data), just as young members that are removed from
packs and translocated behave like dispersers (Fritts
et al. 1984, 1985). In one case, however, pups in their



first winter whose parents were killed by other wolves
eventually starved (Meier et al. 1995). In another case,
both members of the breeding pair left or were lost, and
the single remaining daughter paired with a dispersed
neighbor (Mech 1987a).

An instructive case involves Montana’s Ninemile
pack. After producing a litter of pups, both adults were
killed by midsummer. Government workers artificially
fed the pups. The litter remained together all summer
and autumn and eventually dispersed as yearlings (Jime-
nez1992).

Spatial Structure and Population Change

Because wolf population size depends so much on the
amount of vulnerable prey biomass available (Packard
and Mech 1980), and because that figure varies widely
each year, wolf populations can also fluctuate greatly (see
Fuller et al., chap. 6 in this volume). Moderate fluctua-
tions can change pack sizes without changing the struc-
ture of the territorial mosaic (Fuller 1989b). However,
large population increases are accompanied by attempts
at new pack formation, as described above. Much of the
dynamism in the territorial mosaic described above re-
sults from population fluctuations.

Spatial Changes during Population Increases

When a wolf population is increasing, it produces large
numbers of pups (see Fuller et al., chap. 6 in this vol-
ume), which increases food competition. As those pups
begin to mature, they begin competing for breeding
space. This competition increases the potential for bid-
ing, budding, splitting, dispersing, challenging, float-
ing, and carving out new territories. Because these lo-
cal territory formation strategies usually succeed during
increases in wolf populations, one can conclude that es-
tablished packs with adequate food can afford their ter-
ritory size being reduced by competitors, so are less com-
petitive with new packs than are food-stressed packs.
This idea conforms to the elastic-disc view of territorial-
ity (Huxley 1934) and makes sense from an evolutionary
perspective.

Packs with sufficient resources should allow room for
offspring so long as their own survival is not jeopar-
dized. In fact, the above reproductive and territory pro-
liferation strategies were observed primarily in increas-
ing populations (Fritts and Mech 1981; Peterson and Page
1988; Meier et al. 1995), except for pack splitting, which
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took place at the bottom of a population decline (Mech
1986) and at the top of an increase (Meier et al. 1995).

Based on two studies (Fritts and Mech 1981; Hayes
and Harestad 2000a), the spatial changes that take place
as wolf populations colonize or recolonize an area are as
follows: First, pairs form large territories and breed; then
pack size increases, territory size declines, and the num-
ber of territories increases. This progression of spatial
and group size changes is similar to that of a fox popu-
lation facing increasing food, which Lindstrom (1986)
postulated was the basis for promoting group inheri-
tance of territories. There appears to be some merit in
this theory as applied to wolves in that pack budding,
splitting, and multiple breeding (see above) would pro-
mote offspring remaining at home longer (philopatry).
Philopatry, in turn, would further the inheritance of lo-
cal resources by offspring of the original breeders.

Spatial Changes during Population Decreases

When wolf populations decrease, one might expect pack
territory numbers to decrease and individual pack terri-
tories to enlarge. Although too few studies have been
done on this subject to provide many details, the biology
of the wolf tends instead to promote the quick prolifera-
tion of territories, but retard their decrease.

Here is why. Wolves can produce offspring at 2 years
of age, so under favorable conditions, many potential
breeders quickly become available seeking breeding po-
sitions. However, because breeders are productive for
8—10 years (see Fuller et al., chap. 6 in this volume), pairs
established in territories must try to hold their territo-
ries for long periods, even during resource declines. Re-
source availability is greatly dependent on weather (see
Mech and Peterson, chap. 5 in this volume), and weather
can vary annually, so the chances of a pair experiencing
a resource decline during their lifetime are good.

However, a wolf population can easily adjust to huge
decreases in resource availability through increased dis-
persal of young and a reduction in productivity. For ex-
ample, a pack of sixteen (two breeders, two 3-year-olds,
six yearlings, and six pups) could drop almost 9o0%
within a few months to just the two breeders merely
through dispersal, and the pair could still hold its terri-
tory (see below). If necessary, the pair could then refrain
from producing young until resource availability im-
proved. Although we know of no such drastic decline,
Mech (1986) has seen the Ensign Lake pack in the SNF
drop from ten to two in 2/; years and Denali’s East Fork
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pack drop from twenty-nine to eighteen in a few months
(Mech et al. 1998).

Thus, once a wolf pair establishes a territory, it
strongly resists losing that area. Some individual wolves
and their offspring have held their territories for 8—12
years or more in the SNF (Mech and Hertel 1983; L. D.
Mech, unpublished data) and on Ellesmere Island
(Mech 1995d). (This does not necessarily mean that ter-
ritory boundaries remain the same for the entire period,
but the territory does cover the same general area.) On
the other hand, there is some evidence that only a small
percentage of packs hold their territories any longer than
this (see below).

The history of the Isle Royale wolf territorial mosaic
perhaps illustrates more dramatically than any other
case the tendency of established breeders to continue
holding territories. Wolves colonized the Lake Superior
island in 1949. Little information about pack territories
was recorded before 1959, but in that year one large
breeding pack of fifteen dominated the island (Mech
1966b). Not until 1965 did a second breeding pack bud
from the first (Jordan et al. 1967). However, ever since
then, there have been two to four pack territories on the
island, even after the population fell from fifty wolves to
twelve (Wolfe and Allen 1973; Peterson 1977; R. O. Peter-
son, unpublished data; Peterson and Page 1988).

The only other population under primarily natural
regulation that has been studied throughout a drastic de-
cline in wolf numbers is the central SNF study popula-
tion. It fell from eighty-seven wolves in 1969 —7o0 to forty-
four in 1974—75, and during this period the number of
packs dwindled only from thirteen to eleven (Mech
1986). One of the lost packs resulted from the fight be-
tween and apparent merging of the Pagami and Green-
stone packs, described above.

Relatedness among Packs

As should be apparent from the preceding sections,
neighboring wolf packs tend to be genetically related.
The closer one pack lives to another, the greater its
chance of being related to the other. This tendency re-
sults from the budding and splitting processes con-
stantly under way in a vigorous population, as well as
from attempts by dispersed offspring to fill in interstices
among pack territories. Molecular genetic data (Lehman
et al. 1992) confirm the field data based on known wolf
demographics (Fritts and Mech 1981; Peterson, Wooling-
ton, and Bailey 1984; Ballard et al. 1987; Meier et al. 1995).

Conceivably, the phenomenon of wolves living with
more than one pack (Peterson, Woolington, and Bailey
1984; Mech 1987a; Ream et al. 1991; Boyd et al. 1995; see
above) is explained by the close genetic relationships be-
tween certain packs in a population. On the other hand,
it may be the cause of that close relationship. One male
wolf that was known to live intermittently in his natal
pack and in a neighboring pack over a 20-month period
eventually moved into the neighboring pack and paired
with a female there (Mech 1987a).

Nevertheless, the constant churning of the popula-
tion resulting from strong competition and intraspecific
strife (see above), as well as from the immigration of dis-
persers from distant populations, continues to ensure a
certain level of unrelatedness.

One could theorize that expanding populations tend
to be more closely related, on average, than contracting
ones, for the reasons discussed above. Certainly the
wolves in the best position to increase their genetic con-
tribution to the population would be those occupying
territories when prey availability increases. Because of
the wolf’s tendency to outbreed (D. Smith et al. 1997),
however, a countertendency would develop, guarantee-
ing a constant influx of new genes and diluting the relat-
edness of the population (Kennedy et al. 1991; Lehman et
al. 1992). The direct killing of breeders by neighbors (see
above) tends not only to increase genetic heterogeneity,
but to accelerate its increase (Mech 1977b).

Movements within Territories

Wolf travel within territories serves two main functions:
foraging (hunting, scavenging, and food delivery) and
territory maintenance. Travel would be most efficient if
it were used for both functions, and there is every indi-
cation that this is the case. Whenever we have watched
wolves traveling, they were both foraging and marking.

Wolves generally follow trails, shores, gravel bars,
frozen waterways, ridges, roads, and other types of ter-
rain that are easy to traverse. Even in closely cropped
pastures and on frozen lakes, any part of which might
seem to be an easy route, wolves still tend to follow trails
or tracks of other animals. We have often thought this
tendency may facilitate travel by allowing the wolves
to concentrate on their surroundings rather than con-
stantly having to focus on where to place their feet.
Wolves generally travel single file, and in deep snow, this
pattern allows more efficient travel by the younger indi-
viduals, which usually follow their parents.



Wolf movements within a territory differ between the
pup-rearing season, spring to early fall (see Packard,
chap. 2 in this volume), and the rest of the year (Mech
1970; Mech et al. 1998; Jedrzejewski et al. 2001). When
rearing pups, pack members radiate out from the den or
rendezvous site where the pups are to other areas of the
territory, returning periodically to feed and care for the
pups (Murie 1944; Chapman 1977; Haber 1977; Mech
1988a). Once the pups are developed well enough to join
the adults on their hunts, the pack moves as a unit and
becomes nomadic around the territory (Burkholder
1959; Mech 1966b; Peterson 1977; Musiani et al. 1998;
Jedrzejewski et al. 2001). However, wolves occasionally
use rendezvous sites even when offspring are as old as
13 months (Mech 1995¢), and in central Italy, where
wolves coexist with extensive human activities, they tend
to maintain rendezvous sites year-round, radiating out
from them at night (Boitani 1986).

Locations of Homesites in Territories

One might expect that wolf dens and rendezvous sites
(see Packard, chap. 2 in this volume) would be located
toward the center of the pack territory (Banfield 1954;
Ballard and Dau 1983). Such a location would maximize
the ability of adults to forage efficiently in all directions
and minimize exposure to neighboring packs.

However, this hypothesis was not fully supported in
the SNF (Ciucci and Mech 1992). Instead, wolves denned
more or less randomly throughout their territories
except for the outer 1 km, which seems to have been
avoided. For wolves denning in the central 60% of their
territories, however, there was evidence that the larger
the territory, the closer to the center the wolves denned.
Similar analyses are needed for other areas.

Where humans persecute wolves, the animals tend to
locate their dens far from human disturbance. However,
where wolves have not been persecuted for many years,
they may den close to areas of high disturbance (Thiel
et al. 1998). Rendezvous sites are usually located in the
general denning region, so den location is the strongest
determinant of their location in a territory.

Movements during the Pup-Rearing Period

Once wolves have denned, the social center of the pack is
usually the pups (Murie 1944; Mech 1970, 1988a; Clark
1971; Haber 1977; Jedrzejewski et al. 2001). The reason for
this is simple: The breeding pair’s entire annual repro-
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ductive investment is in the pups, which require regular
care and feeding. Thus the parents must return to the
pups as frequently as possible after foraging. Other pack
members are also tied to the den area not only because
they contribute to the care and feeding of the pups (see
Packard, chap. 2 in this volume), but also presumably
to maintain their bonds with the breeding pair and one
another.

There are two exceptions to this generalization. First,
maturing pack members sometimes leave the pack for
varying periods and return much later (see above). Sec-
ond, occasionally a large contingent of the pack, some-
times including the breeding male, lives nomadically
while the breeding female, or the breeding female and
a maturing offspring, feed and care for the pups (Mech
et al. 1998). (Females have been known to raise pups
alone, although no doubt they would not always be as
successful as two parents; see Packard, chap. 2 in this
volume.)

Wolves may travel as far as 48 km (29 mi) from
the den or pups to obtain food (Mech 1988a). When
Mech (1988a, 1995¢,d) accompanied a habituated pack of
wolves on Ellesmere Island during their hunts away from
the den, he noticed no difference in their travel rates or
patterns from those of nomadic packs in winter (Mech
1966b). The wolves basically traveled from prey concen-
tration to prey concentration until they killed some-
thing. The difference, then, was that wolves with pups
returned to the den soon after gorging.

Little is known about the patterns of post-denning
territory use. However, there is little reason to think that
wolves would use their territory any differently once
they have left the den, although there is evidence of sea-
sonal changes in territory use (Jedrzejewski et al. 2001;
Merrill 2002). The relative extensiveness of territory use
during the pup-rearing season versus the rest of the year
seems to vary by study, and one must be cautious in in-
terpreting these data because of the sampling problem
discussed earlier (see “Seasonal Shifts in Territories”).

Homesite Shifts

As the pups grow and develop, the adults may move
them from one den or rearing site to another over the
summer (see Packard, chap. 2 in this volume). When
the pups are young, these moves may be as short as
0.25 km, whereas as they get older, such moves may be as
far as 8 km (5 mi) (Joslin 1966; L. D. Mech, unpublished
data). In one case, which may be an exception because
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it involved a pack with only a single 8-week-old pup, the
Ellesmere Island pack shifted rearing sites some 32 km
(19 mi) (L. D. Mech and L. Boitani, unpublished data).

Movements during the Nomadic Phase

Generally, wolves are nomadic during about half the
year, after their pups have grown and developed enough
to move with them. At least one study has suggested that
the first movements of the nomadic phase are perhaps
the most extensive of all (Fritts and Mech 1981). The
most instructive information about movements during
the nomadic phase derives from aerial snow tracking of
wolves (Burkholder 1959; Mech 1966b; Jordan et al. 1967;
Haber 1977; Peterson 1977). Much of this work was done
on Isle Royale in Lake Superior, which has a long and
narrow configuration. Although this fact should have
little effect on such parameters as rate and distance of
travel, it would affect the rate of doubling back, for ex-
ample, and possibly other parameters.

Speed

Wolves usually travel at a lope. Since they are narrow-
chested, and since their elbows are turned inward and
their feet outward (Iljin 1941; Young and Goldman 1944),
they put their feet one almost directly in front of the
other as they walk. They can maintain this tireless gait
for hours at a rate of about 8 —9 km /hr (Burkholder 1959;
Mech 1966b, 1994b; Shelton 1966). At times they break
into an exuberant run at perhaps twice this speed, pre-
sumably in anticipation of something ahead. When
returning to the den, their average speed increases to
10 km/hr (Mech 1994b). The wolf’s elongated muzzle
and the shape of the inner nose ensure optimal oxygena-
tion and an efficient cooling system even in hot climates.

Distance

As already indicated, wolves are capable and inveterate
travelers. Some of the claims for their travel distances
may be exaggerated, such as ]J. Magga’s that, when
hunted, wolves can travel 200 km (120 mi) in a day (Pul-
liainen 1965); on the other hand, at only their usual rate
of 8 km/hr, they could do so. What we do know is that
in winter, packs can travel up to 56 km (35 mi) overnight
(Stenlund 1955) and up to 72 km (45 mi) in 24 hours
(Burkholder 1959; Pulliainen 1965; Mech 1966b; Pimlott
et al. 1969). On average, wolves on Isle Royale traveled

14.4 km (9 mi) per day in winter (Mech 1966b). Even
in territories of 172—294 km? (67-115 mi?) in Poland
(Okarma et al. 1998), wolves traveled a mean of 22.8 km
(13.7 mi) per day (Jedrzejewski et al. 2001). In Italy,
wolves averaged 27.4 km (16.4 mi) per day (Ciucci et al.
1997).

The usual pattern of winter wolf movement includes
travel for a long distance while hunting, making a kill,
feeding, resting, and local movement near the kill, aban-
doning the kill, and repeating the cycle. When all ele-
ments of this pattern are considered, wolves cover their
ranges at an average of about 2.4 km/hr (Mech 1970).
This rate includes an actual travel rate while hunting of
about 50 km (30 mi)/day, and an average of about 30% of
the wolves’ time is spent hunting (Mech 1970).

If wolves fail to produce pups, or lose them, the adults
remain nomadic during summer (Mech 1995¢), and
their rate and distance of travel is similar to that dur-
ing the rest of the year (Mech 1988a, 1994b, 1995¢). One
would expect that during summer wolves would need to
rest less, since they would not be wading through snow.
If so, they probably can cover more distance, although
the only information available on this subject is from the
SNF, where wolves averaged 19 km (11 mi) per day, with
a range of 7—46 km (4—28 mi) per day (D. J. Groebner
and L. D. Mech, unpublished data).

Differential Use of Habitat Types

Wolves gravitate to areas within their territories where
prey live. Each prey species uses habitat types differently.
White-tailed deer, for example, space themselves widely
over a variety of habitat types in summer, but yard up in
winter in protected lowlands or on south-facing slopes.
Dall sheep tend to frequent the steepest mountain ter-
rain and venture into the lowlands only to get to other
mountains. Thus, during their routine hunting trips,
wolves tend to travel wherever the prey reside in their
territory and to avoid prey-free areas, such as extensive
conifer swamps (Fritts and Mech 1981) and mountains in
winter when prey inhabit valleys (Ream et al. 1991). In
the Caucasus Mountains of Europe, an observer follow-
ing wolf routes counted five to fifteen deer and several
wild boar per hour, whereas a random route showed no
more than five or six animals per hour (Kudaktin 1979,
cited in Bibikov et al. 1983).

On the other hand, wolves will take advantage of easy
travel routes, such as frozen lakes and shorelines, through
prey-free areas (Stenlund 1955; Mech 1966b; Jordan et al.



1967; Peterson 1977) to get to where the prey is. In certain
areas of Europe where there are no large prey, wolves
hide in sterile, isolated habitat types such as mountain-
sides by day, then venture around villages and garbage
dumps at night (Zimen and Boitani 1979).

Spatial Characteristics of Travel

The winter travels of wolves whose routes have been
mapped (Burkholder 1959; Mech 1966b; Jordan et al.
1967; Pimlott et al. 1969; Haber 1977; Peterson 1977; Je-
drzejewski et al. 2001) show three characteristics: long,
linear routes, rather than, for example, zigzagging; re-
peated use of some routes; and a tendency to cover their
territory extensively in short periods. That is, instead of
searching one end of their territory thoroughly before
moving on, the wolves tended to travel linearly from one
end of their territory to the other. This was also true of
the summer travels of wolves on the arctic tundra (Mech
1988a 1995¢).

The extensive, rather than intensive, nature of wolf
travel can be seen most dramatically on Isle Royale,
where wolves follow the shoreline, trails, ridges, and
strings of lakes and bays along the narrow lay of the is-
land (Mech 1966b; Jordan et al. 1967; Peterson 1977).
They could have cut across the island instead, but this
would have made travel more difficult. Cutting across
the island might have exposed more prey to them, how-
ever, for they would have had access to prey on both
sides of their travel routes, rather than just one.

Even in the SNF on the mainland, wolves travel long
strings of frozen lakes and rivers rather than cutting
overland (Stenlund 1955; Mech and Frenzel 1971a). They
might choose these routes because of the relative ease of
travel, but if wolves travel primarily to find prey, and it
is faster to find prey by traveling overland, then there
may be some other reason why wolves travel linearly.
Furthermore, on the arctic tundra during the snow-
free summer, wolves also traveled linearly (Mech 1988a,
1995¢). Traveling extensively instead of zigzagging over a
smaller area would further territorial maintenance, and
would add surprise as an advantage in hunting (Mech
et al. 1998).

Rotational Use of Territory

Evidence is emerging that wolves may not revisit specific
herds of prey for several days after a previous visit. This
behavior might serve to reduce the prey’s vigilance and
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perhaps increase the wolves’ chance of catching them off
guard (Mech et al. 1998, 105).

Indications of such movement patterns were appar-
ent in travel data presented by Burkholder (1959) and
Mech (1966b, 55—57), and possibly Haber (1977). Weaver
(1994), however, quantified this behavior by measuring
times between visits to individual prey herds. His study
pack did not revisit a given elk herd until 12—16 days
later, and did not revisit the same bighorn sheep until
36—37 days later. Wolf packs in Poland tended to visit
any given area about every 6 days on average (Jedrzejew-
ski et al. 2001).

Trappers’ lore and common sense suggest that wolves
(and other species) tend to use the same routes repeat-
edly throughout their lives, and that even after an ab-
sence of wolves, new wolves should use the same land-
scape features. Neither lifelong use nor interrupted
sequential use has been documented, however.

Extraordinary Pack Movements

There are a couple of cases of pack movements that are
rare exceptions to the patterns described above. Little is
known about these movements except their rarity. The
first such case was documented in interior Alaska and
involved a pack of ten animals that was aerially tracked
in the snow for 45 days. This pack covered an area of ap-
proximately 128 km (77 mi) by about 72 km (43 mi)
(Burkholder 1959). Because these wolves were not radio-
collared, nothing is known of where they lived before or
after they were tracked. Thus it is not clear whether this
was a pack that possessed an extra-large territory, or
whether they were more or less nomadic during the
study and settled down only if pups were born.

When this information was published, it was not
known just how unusual such wide-ranging travels were,
for no wolves had yet been radio-tracked. Since then,
some two hundred packs have been radio-tracked in
Alaska and the adjacent Yukon alone (Stephenson et al.
1995), and many others have been tracked in Canada and
elsewhere. Only one other case of such widespread pack
movements has been recorded.

This case involved the Little Bear pack, which was
radio-tracked from 1988 to 1992 in Denali National Park
(Mech et al. 1998). In fall 1991, this pack numbered
twenty-three (including at least eleven pups), but it then
split during the winter of 1991—1992. In May 1992, a
group of eleven wolves, including three radio-collared
adults, left and moved some 250 km (150 mi) to the
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southwest, where they eventually settled (Mech et al.
1998). They had not produced pups before they left, and
it is unclear whether they produced any after they
settled. This appeared to be a mass emigration. A shorter
emigration was seen in Minnesota (Fuller 1989b). Noth-
ing more is known about wolf emigration, but presum-
ably it takes place in response to a food shortage.

It should be clear from the above discussion that the wolf
has a highly adaptable social ecology that is flexible
enough to contend with a wide variety of living condi-
tions. Where food is small and scattered, offspring dis-

perse early, and packs are small. Where prey is much
larger than the wolf itself, breeding pairs bring young
from two or three litters with them as they travel and
hunt, and packs are much larger. Changes in prey avail-
ability are met with changes in dispersal rates. Similar
dynamics affect a population’s social structure, with
longer-term prey fluctuations translated into adjust-
ments in the territorial mosaic. Such social fluctuations
help wolves contend with the ever-changing nature of
their dynamic economy—a live prey base that is itself
subject to the vagaries of more basic environmental
perturbations.



A LARGE WHITE WOLF appeared on the bank of a drain-
age flanking a meadow on Ellesmere Island in Canada’s
High Arctic. Through binoculars, I identified him as
the breeding male “Left Shoulder” (Mech 1988a; Mech
1995d). Several hours earlier, he had left four pups play-
ing in this meadow of gently rolling heather and willow
tundra. Later, however, they had followed their mother
out of view and toward their den. What would Left
Shoulder do when he did not find the pups there?

Raising his chin, he released a long, low howl. We
both waited. [ was expecting to hear a chorus of high-
pitched puppy howls in response, but heard none. Ap-
parently the wolf didn’t either. Looking toward where he
had last seen the pups, Left Shoulder made his way down
the slope, crossing their trail. Would he pick up the scent
that was 15 minutes stale? Nose to the ground, he ambled
up the drainage. However, the pups had gone the other
way. Left Shoulder back-tracked the pups for about
3 meters, paused, reversed direction, and headed after
the pups! I wondered if he would track the pups and his
mate directly to the den.

Trotting briskly, Left Shoulder kept his nose to the
ground for about 30 meters. Then, he raised his head,
veered away from the scent, and headed directly toward
the den, where he often met his mate and two yearlings,
who also tended the pups. He seemed to have expected
the behavior of the pups to be predictable.

Intelligence is demonstrated when a canid anticipates
the behavior of a social companion (e.g., the pups) or
solves a novel problem in obtaining food. Left Shoulder
used several senses in solving the problem of how to find
the pups: he scanned the landscape visually, he listened
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for replies to his howl, and he sniffed the ground. He ap-
peared to combine this sensory information with expec-
tations based on what he had learned about the behavior
of family members. Such integration of information will
be emphasized by Harrington and Asa with regard to
wolf communication in chapter 3 in this volume.

This chapter focuses on interactions between nature
(genotype) and nurture (phenotype). Each wolf inher-
its genetic propensities (instinct; also called “neuro-
endocrine programming”) that lead it into situations in
which it learns from its environment (Fentress 1983). Its
genotype enables it to solve ancient problems pre-
dictably encountered in the history of the species. Com-
munication during social interactions helps fine-tune
these responses, enabling individuals to solve new prob-
lems and respond to the unpredictable nature of their
environment. (For a different perspective, see Mech and
Boitani, chap. 1in this volume.)

Wolves live in diverse and changing environments
(see Boitani, chap. 13 in this volume). Variation in the
environment is probably one of the keys to understand-
ing why several species have evolved flexible problem-
solving behavior (Byrne 1995). Not only does the wolf’s
physical environment pose challenges, but its social en-
vironment also provides both a challenge and a support
to individuals learning to maneuver within the dynamic
complexity of their physical environment.

This chapter will examine the three-way interaction
among wolves, their social environment, and their phys-
ical environment (fig. 2.1). First, I will look at problem
solving in courtship and reproduction: how are pups
produced and cared for until they can start their own
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FIGURE 2.2. Behavior in a family group of wolves includes both
(A) peaceful coexistence and (B) conflict over access to resources,
such as food.

solving.

families? Second, I will explore the additional social
problems of wolves living in families and extended fam-
ilies, sometimes sharing resources peacefully (fig. 2.2A)
and sometimes competing for them (fig. 2.2B). Third, I
will focus on how wolves survive in the midst of fluctu-
ating predictability (e.g., obtaining and conserving en-
ergy while avoiding risks of death).

However, before addressing reproductive, social, and
physical problem solving by wolves,  must (1) review the
basics of what is known about wolf sociality, (2) examine
what is meant by social and physical environments as
they affect wolf sociality, and (3) explain the ethological
approach [ will use.

Wolf Sociality

Left Shoulder’s pack can help us understand several key
aspects of wolf sociality (fig. 2.3). Wolf packs are usually
family groups that move within exclusive home ranges
and are hostile to strangers from neighboring packs, al-
though there are exceptions to this generalization due to
the dynamics of social and physical environments (see
Mech and Boitani, chap. 1 in this volume). Left Shoul-
der’s pack, known as the Ellesmere pack, was a family
whose breeding members remained together for over
10 years (Mech 1995d). As a group and alone, the wolves
defended food resources from other wolves (Mech
1993a). In some years, the breeding female produced
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pups in a cave den that had probably been used inter-
mittently for centuries (Mech and Packard 1990) (fig.
2.4). In other years, pups were born in a pit scraped into
the ground (Mech 1993b). When no pups were pro-
duced, the adults fed offspring from the previous year
(Mech 1995€). Family membership and reproductive
status changed over the years due to deaths, dispersal,
and births (Mech 1995d). For example, when Left Shoul-
der’s first mate, Mom, stopped producing pups, she

FIGURE 2.3. Wolf packs are usually
family groups that move within exclu-
sive home ranges and are hostile to
strangers from neighboring packs.

FIGURE 2.4. A litter of four pups
born in a cave den on Ellesmere Island,
which had probably been used by a
series of family groups for centuries.
(From Mech 1991b.)

switched to caring for pups produced by Left Shoulder
and her daughter, Whitey (Mech 1995d).

How did Left Shoulder’s pack compare with wolf
packs in other environments? The following description
of the structure of wolf populations provides a general
overview. This basic framework will aid in understand-
ing variation in the spacing, group size, and movements
of wolves in different populations, topics detailed by
Mech and Boitani in chap. 1in this volume.
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In low-density populations such as that of Ellesmere
Island, wolves are generally monogamous, although
there are exceptions. Wolf packs usually are founded by
an unrelated male and female (D. Smith et al. 1997). Af-
ter dispersing from the families where each was born,
the members of a new pair travel together in an area not
defended by other hostile packs (Rothman and Mech
1979; Fritts and Mech 1981). The chance of a new pair
starting a family is relatively low in high-density popula-
tions where all suitable areas are already defended (i.e.,
“saturated populations”) (Packard and Mech 1980). Oc-
casionally, new packs consist of other combinations of
members (Mech and Nelson 1990b), but groups without
a breeding pair rarely persist for more than a few months
(see Mech and Boitani, chap. 1 in this volume).

Each pack expands as it produces litters, averaging
5—6 pups, and shrinks as offspring disperse at 10-36
months of age (see Mech and Boitani, chap. 1 in this vol-
ume). For example, the Ellesmere pack’s four 1988 pups
were attended by a yearling female, “Whitey,” and male,
“Gray Back,” in addition to Mom and Left Shoulder
(Packard et al. 1992; Mech 1995d). Although Mom re-
mained with the family when Whitey replaced her in
1990 as the breeding female, no other offspring remained
with the pack for more than three winters (Mech 1995d).

As in most other packs, Left Shoulder, his mate, and
the two yearlings delivered food to the pups, interacted
congenially with them, rested near them, chased intrud-
ers, and were highly attentive to the pups as the family
moved together during the summer (Packard et al. 1992;
Mech et al. 1999). In a variety of ways, the social envi-
ronment of the family buffered the pups from threats in
the physical surroundings. However, there are variations
on this theme; for example, even lone females have suc-
cessfully raised pups (Boyd and Jimenez 1994).

Variation in Pack Structure

The tenure of breeders in wolf packs varies from 1 to 8
years, typically lasting only 3 to 4 years (Mech et al. 1998).
For example, Left Shoulder was not the breeding male in
the Ellesmere pack when it was first studied (Mech
1995d). We do not know whether Left Shoulder was born
into the family or whether he joined it, as has been ob-
served elsewhere (Van Ballenberghe 1983a; Mech et al.
1998). Outsiders are most likely to be accepted into a
family by a widowed breeder seeking a new mate (Roth-
man and Mech 1979; Fritts and Mech 1981; Mech and

Hertel 1983), although that is not always a requirement
(Meier et al. 1995).

In a small percentage of wolf packs, more than one fe-
male may reproduce in a given year (see Mech and Boi-
tani, chap. 1 in this volume). Breeding by two or more
closely related females in the same pack has been noted
after loss of one or both members of the original breed-
ing pair (Packard et al. 1983; D. W. Smith, unpublished
data), although whether such a loss is necessary for mul-
tiple breeding in a pack is unknown. In unsaturated pop-
ulations, it is unlikely that two or more sisters will re-
main reproductively active in the same pack for more
than 1—2 years (Packard 1980; D. W. Smith, unpublished
data). In contrast to sisters, the relationships between ag-
ing mothers (over 7 years old) and their daughters ap-
pear more tolerant (Packard 1980; Mech 1999).

Although the Ellesmere pack has averaged four to five
members over 10 years, the individual members have
changed over the years (Mech 1995d; Mech 1999). At
3 years of age, Whitey replaced her mother as breeding
female. Why didn’t Whitey produce her own pups as a
yearling? Wild female wolves usually don’t ovulate until
their second, third, or fourth winters (see Mech and Boi-
tani, chap. 11in this volume), and first deliver pups at 2—
5 years of age (Rausch 1967; Mech et al. 1998). Physiolog-
ical maturation may be delayed a year or two by nutri-
tional or other stress (Packard et al. 1985; Mech and Seal
1987; Packard 1989). Under extremely good nutritional
conditions, physiological maturation may also be accel-
erated a year, both in captivity (Zimen 1976; Medjo and
Mech 1976; Packard et al. 1983) and in the wild (D. W.
Smith, unpublished data).

Thus, reproductive characteristics vary within and
between wolf populations, as well as within the lifetimes
of individuals. For example, Left Shoulder and Whitey
produced pups in only 5 of the 7 years when they were
the breeders in the Ellesmere pack (Mech 1995d; L. D.
Mech, unpublished data). In the Denali wolf population,
packs failed to produce pups in 15% of 91 pack-years
(Mech et al. 1998). Successful reproduction was lower in
younger wolves (and in those breeding for the first time),
as has also been reported for captive wolves (Packard
et al. 1983).

Although no analyses of the variation in reproductive
success among wolves in various packs and populations
have been done, the Ellesmere pack helps illustrate gen-
eral patterns. Left Shoulder produced seventeen pups
over 9 years, and Whitey produced nine pups in 7 years.
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Of these pups, seven (41%) of Left Shoulder’s and three
(33%) of Whitey’s survived for at least 14 months (possi-
bly longer); at least one survived for at least 8 years
(Mech 1995d; L. D. Mech, unpublished data). Such in-
formation is difficult to obtain for free-ranging carni-
vores (Mech 1987a; Packer et al. 1988), which places a
major constraint on the testing of hypotheses about the
ecological and evolutionary functions of the variation
observed in wolf reproduction. Therefore, this chapter
focuses primarily on reviewing the literature on proxi-
mate mechanisms of wolf behavior, with only brief ref-
erence to hypotheses about its ultimate function and
evolution.

Factors Affecting Wolf Sociality

Wolves are affected by both social and physical factors in
their environment (see fig. 2.1). “Social environment”
refers to the conspecifics with which a wolf interacts,
including the members of its own pack, other territo-
rial packs, and lone wolves not associated with a pack.
“Physical environment” refers to abiotic factors (e.g.,
weather and landscape) as well as biotic factors other
than wolves in the wolf’s environment (e.g., prey species
and animals that threaten wolves; see Mech and Peter-
son, chap. 5, and Ballard et al., chap. 10 in this volume).

Why distinguish between the effects of physical
and social environmental variation on the behavior of
wolves? To understand variation among wolves, we must
understand the variation in both aspects of their envi-
ronment (Packard and Mech 1980). Most packs within
a local population usually experience similar environ-
mental variation due to ecological cycles involving cli-
mate and the dynamics of predator and prey populations
(see Mech and Peterson, chap. 5, and Fuller et al., chap. 6
in this volume). However, the wolves in any one pack
share social experiences that differ from those of neigh-
boring packs. For example, social relationships in packs
may vary as diagrammed below in figure 2.7.

From the northern tundra to the southern desert
mountains, the physical environment of wolf popula-
tions varies greatly (see Fritts et al., chap. 12 in this vol-
ume). Furthermore, changes in prey abundance affect
each wolf population over the lifetime of family groups
(Mech 1970; Packard and Mech 1983; Peterson, Wooling-
ton, and Bailey 1984). Thus, social and physical factors
are both distinct and overlapping influences on individ-
uals and on their reproductive fitness relative to the pop-

ulations in which they live and reproduce (see fig. 2.1).
The additive effects of social and physical factors con-
tribute to the variation observed between populations
and across years within each population.

To understand wolf sociality in general, we must un-
derstand how it varies within and between populations
in different physical environments. In part, the variation
within each population results from the different histo-
ries of the packs that form the reproductive units in that
population (i.e., social environment). Wolf families ap-
pear and disappear for reasons not directly linked to
ecological cycles (Mech et al. 1998), although there are,
of course, indirect linkages because nutritional condi-
tion can affect social interactions within and between
packs (Packard and Mech 1983).

To the extent that wolves share genetic propensities
for certain kinds of social behavior (Fentress 1983, 1992),
the basic social reasons for pack dynamics are likely to
be similar across wolf populations. To understand this
neuroendocrine programming, we look for similarities
in behavior across wolf populations that differ in lati-
tude, prey species, and the phase synchrony of wolf-prey
population dynamics (i.e., their physical environment).
From an ethological perspective (Bekoff 1981), we seek to
understand how much of that similarity results from
shared information in the genome and how much from
similar experiences that all wolves encounter growing up
within families (i.e., their social environment).

Researchers are just beginning to develop and test hy-
potheses about the similarities and differences among
wolf populations. One of the major problems has been
the degree to which behavior observed in captive popu-
lations might differ from that in non-captive popula-
tions; for practical reasons, many more studies of wolf
social behavior have been done in captivity than in the
field (table 2.1).

Some field researchers discount certain aspects of
captivity-based studies as being analogous to studying
human behavior in refugee camps (Mech 1999). Other
researchers point out that specific factors can be held rel-
atively constant in captivity to tease out the independent
effects of social, physical, and genotypic variation. For
example, Bekoff (1972) compared play among wolves,
dogs, and coyotes while holding the social grouping and
physical conditions constant. In free-ranging popu-
lations, both the social and physical environments fluc-
tuate simultaneously in an interactive and uncontrolled
manner (Packard and Mech 1983). Thus, our under-
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TABLE 2.1. Variation in structure of captive wolf families whose behavior has been studied

Number of packs
Structure Description (pack-years)*®
Nuclear family Parents and their offspring, as in a newly formed pack 6(23)¢
in which unfamiliar breeders pair and produce a litter.
The offspring may be of several ages.
Extended family Parents plus one or more of their siblings, and their 3(6)¢
direct offspring.
Disrupted family A family in which one or both of the original parents 11 (29)“
is missing. (Variations include disrupted nuclear family,
disrupted extended family, disrupted foster family.)
Step-family A disrupted family that has accepted immigration of an 1(6)¢
outside breeder.
Foster family A family that has accepted immigration of nonbreeding 5 (10)f
individual(s) not born into the pack. (Foster pups are more
likely in captivity than in the wild.)
Complex family A group of wolves with a history that does not fit into the 1(5)¢

categories defined above; e.g., a group of hand-raised siblings

to which additional hand-raised pups have been fostered.

“Abbreviations in notes: BeP = Berlin pack (Altmann 1987); SoP = South pack and NP = North pack (Packard
1980); CP = Connecticut pack (Jenks and Ginsburg 1987; Schotté and Ginsburg 1987); BuP = Burgers Zoo pack (Derix
1994; van Hooff and Wensing 1987); BrP = Brookfield Zoo pack (Rabb et al. 1967), WP = Washington Zoo pack (Paquet
etal. 1982); OP = Oregon pack and ShP = Shubenacadie pack (Fentress and Ryon 1982; Fentress et al. 1987); RP = Rick-
ling pack, KP = Kiel pack, and BaP = Bavarian pack (Zimen 1981); PI = pack I, PII = pack II, and PIII = pack III (Fox

1973).

"BeP (1959—66, 197478, 1978—81), NP (1977), CP (1975—80), BuP (1969-73).

BrP (1960—63), WP (196870, 1973—74), BuP (1978 —79).

4BeP (1959—66), BrP (1959, 1964—66), NP (1978), SoP (1977), CP (1981-82), ShP (1975—79, 1980—81), KP (1970),

WP (1967, 1971-72), P1, PII, PIIL.
¢BuP (1981-85).

’SoP (1978), WP (1975-76), OP (1973—-74), RP (1968—69), BaP (1970-72).

¢BaP (1973-77)-

standing of wolf social behavior will advance more rap-
idly when we integrate the information from both cap-
tive and field populations, so long as we take great care
to recognize the limitations of each perspective and to
understand the whole as the sum of the parts.

An Ethological Perspective

An ethogram is a catalogue of behaviors that functions
like a dictionary of the meanings of all the actions of a
particular species. However, rarely is it possible to docu-
ment all possible behavioral acts, so such catalogues pre-
pared for the purpose of specific studies are necessarily
incomplete (Bekoff 1979a). A catalogue of the basic be-

havioral traits of wolves, as defined by diverse research-
ers, is compiled in table 2.2.

Many more hypotheses have been developed to ex-
plain wolf behavior than have been systematically tested.
Students of wolf behavior have come from a wide range
of disciplinary backgrounds (e.g., physiology, psychol-
ogy, behavioral genetics, behavioral ecology, ethology,
sociobiology, wildlife management). They have defined
terms and questions in ways that are not always coher-
ent, yet these workers provide a rich diversity of per-
spectives. Haber (1996), for example, described wolves
as “eusocial,” a term reserved by evolutionary biologists
for species that live in colonies (e.g., social insects) in
which some phenotypes cannot reproduce due to the
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TABLE 2.2. Abbreviated ethogram of wolf behavior; conceptual model of internal states associated with behavioral assays (see also table 3.9)

Subcategory Typical action patterns
Category code (behavioral assay of state)
Activity® Al Inactivity: lying sitting, or standing; without changes in angle of neck
A2 Moderate activity: walking, interacting, exploring, feeding, grooming; neck angle changes
A3 Strenuous activity: directional rapid movement (e.g., trotting, galloping, running)
Care? Cl Care-solicit: suckle, whimper, lick-up, paw, roll-on-back, solo-howl
C2 Care-ritual: grovel, over-the-muzzle-bite, roll (passive submission), curl (active submission)
C3 Care-give: nurse, carry-pup, carry-food, regurgitate, lick-other, watch, follow, lead
Flight /Fight¢ F1 Flight: avert-gaze, avoid, crawl, head-down, low-posture-retreat, ignore, leave, run, slink, refuge
F2 Defensive (mixed fight /flight): bark, crouch, gape, growl, hackles, snap, snarl, whirl
F3 Fight: chase, face-off, holding-bite, lunge, jaw-spar, nip, pin, sidle, stand-high, wrestle-fight
Humbleness* H1 Humble-low: pricked-ears, high-posture, high-tail, flexed- and raised-leg-urination, scrape-back
H2 Humble-neutral: ears-side, hanging-tail, squat- and stand-urinate, wait
H3 Humble-high: brows-together, ears-back, low-posture, tuck-tail, long-mouth-line, hunchback
Ingeste I1 Hunt: directional trot, chase, zigzag, sniff-ground, give-eye, dig
12 Handle: sprint, grab, hold, lunge, knock-down, pounce, neck-shake, nose-stab, cache, pluck
I3 Consume: chew, swallow, rip, drink, lick
Maintenance/ M1 Maintenance-low: apathetic, foot-drag, disgust-mouth, head-hang, glazed-eyes, disheveled
M2 Maintenance-normal: lick-self, scratch-self, head-shake, rub-body, urinate, defecate
M3 Maintenance-high: repetitively-lick-injury, vomit, scoot-rear, limp, diarrhea
Proximity$ P1 Proximity-brief: approach, touch-nose, lick, lie-near, pass
P2 Proximity-moderate: chorus-howl, carry-object, rally, stand-near, look-over-shoulder, wag-tail
P3 Proximity-prolonged: bow, bounce-follow, gallop, play-wrestle, circle-wag, play-jaw-spar, roll
Sexual # S1 Bonding: follow, mark-over (double-mark), nuzzle, parallel-walk
S2 Courtship: chin-rest, prance, dart, ears-together, head-flick, hug, sniff-rear, T-formation, wrestle
S3 Copulatory: escort, tail-avert, mount, thrust, ejaculatory-contraction, dismount, tie, tooth-clack

Note: This behavioral catalogue was compiled for observer reliability training at
the Houston Zoo. A more complete ethogram compiled from several sources
(Bekoff 1972; 1979a; Derix 1994; Fox 1971¢; Goodmann and Klinghammer 1990;
Zimen 1971, 1982) is available from the author. Categories are not mutually ex-
clusive; subcategories are mutually exclusive within categories. See also Har-
rington and Asa, chap. 3, table ¢ in this volume.

“Model A: Indicator of low (A1) to high (A3) cardiovascular activity; mea-
sured in field by variation in radiotelemetry pulses.

*Model C: C1 indicative of generalized state of need in juveniles (hunger,
cold, full bladder); C2 indicative of low serotonin and moderate adrenal activity
in juveniles, subadults, and adults; C3 indicative of high prolactin.

‘Model F: indicative of adrenal activation above the individual’s set-point
range: F1 more effect of adrenaline than noradrenaline (Sapolsky 2002; Watkins
1997, 11); F3 more effect of noradrenaline than adrenaline (probably associ-
ated with high androgens); F2 indicative of both noradrenaline and adrenaline
activity.

4Model H: continuum of serotonin above the group norm (Hi) to sero-

tonin below the group norm (H3).

type of nutrition received at specific developmental
stages (Lacey and Sherman 1997). In contrast, all wolves
retain the readiness to breed when the social environ-
ment permits, and most disperse by 3 years of age (see
Mech and Boitani, chap. 1in this volume).

¢Model I: I1 indicative of low blood glucose, low fatty acids, empty gut in
context of no food; I2 indicative of burst of epinephrine and endorphin activity;
I3 indicative of low blood glucose, low fatty acids in context of available food,
caching when stomach is full.

/Model M: M1 indicative of one or more diagnostic blood parameters out-
side the normal range; M2 indicative of diagnostic blood parameters within nor-
mal range; M3 may be indicative of active healing processes (e.g., cortisol, hista-
mines).

$Model P: indicative of serotonin activity at or above the individual’s set-
point range and a continuum of endorphin activity below (P1) to above (P3) the
individual’s set-point range.

"Model S: S1 indicative of low steroid hormones (Seal et al. 1987); S2 in-
dicative of estrogen above 2.5 pg/ml in females, baseline testosterone above
240 mg/dl in males; S3 indicative of declining estrogen, rising progesterone
above 10 ng/ml and LH above 3 mg/ml in females, peak response to LRH above

600 mg/dl in males.

In part, the diversity of perspectives voiced by wolf
biologists is related to the schools of thought encoun-
tered in their academic backgrounds. Botkin (1990)
traced the roots of two schools of thought, the de-
terministic and the stochastic perspectives, back to the
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Greek philosophers. According to the deterministic per-
spective, events in the natural world unfold according to
certain predictable or predetermined rules and return
to steady states. In contrast, from the stochastic perspec-
tive, order is apparent only at a specific time as a reflec-
tion of chance events. The dynamic changes between
relatively steady states are characterized in terms of
probabilities.

Although they are contrasting viewpoints, the deter-
ministic and stochastic perspectives are not mutually ex-
clusive. The basic research questions may be rephrased
in terms of “those aspects that are relatively unchanging”
(deterministic) and “those aspects that do change” (sto-
chastic). Both perspectives should be integrated in pre-
dicting the responses of wolves to their ever-changing
environment.

These contrasting viewpoints (stochastic and deter-
ministic) are both reflected in the ethological approach
of this chapter. Such a balanced perspective on canid be-
havior is reflected in the ethological writings of Fentress
(1982, 1983, 1992) and Bekoff (1981, 1989). Other wolf re-
searchers have tended to emphasize one perspective over
the other, as may be apparent in other chapters.

According to the deterministic perspective, sociality
evolved in wolves as an adaptation to their habit of hunt-
ing and feeding on large prey (see Peterson and Ciucci,
chap. 4, and Mech and Peterson, chap. 5 in this volume).
In contrast, the stochastic model examines the sources
of variation within and between individuals, social
groups, and populations (Botkin 1990; Creel and Waser
1997; Lucas et al. 1997); it allows for the hypothesis that
behavioral traits of social mammals may not be currently
adaptive (Solomon and French 1997), or may be neutral
by-products of other traits that were adaptive in the spe-
cies’ history (Pusey and Packer 1994).

In this chapter, my approach to examining wolf so-
ciality will be to (1) identify behavioral mechanisms
from captive and field studies, (2) place these mecha-
nisms in the context of limited information about the
variation observed in field studies, and (3) clarify hy-
potheses that might be tested in the future. In short, I
intend to explain the biological basis of wolf social be-
havior by relying on the four basic ethological concepts,
two at the proximate level of individuals (causation,
ontogeny) and two at the ultimate level of populations
(function, phylogeny) (Solomon and French 1997), with
an emphasis on the former. Causation addresses the rel-
atively static aspects of behavioral traits, whereas on-

togeny addresses the dynamics of behavioral variation
with age.

Courtship and Reproduction

The behavior of adult wolves and juvenile wolves may be
viewed as having coevolved over millions of years. For
example, one can view care-giving behavior (in adults)
as having coevolved with care-soliciting traits (in juve-
niles, subadults, and some nonreproductive adults). A
deterministic perspective would posit that the benefits of
group foraging shaped both juvenile and adult wolf
traits in an optimally beneficial manner. According to
a stochastic perspective, however, the factors affecting
production of offspring (i.e., mating and care-giving
traits) may be distinct from the factors affecting the sur-
vival of juveniles to reproductive age (i.e., survival and
care-soliciting traits) (Caro 1994; Packard et al. 1992;
Pusey and Packer 1994).

A coherent model of wolf reproductive behavior must
explain the variation in both adult and juvenile traits.
I will attempt this by addressing the following subjects:
(1) seasonal courtship, (2) phases of the reproductive
cycle, (3) behavior at dens and homesites (indirect care),
(4) pup birth and stages of development, (5) direct
biparental care of pups, and (6) the familial hunting
school.

Seasonal Courtship

Domestic dogs (Canis lupus familiaris) can breed year-
round (Haase 2000); why not wolves, from which dogs
were derived (see Wayne and Vila, chap. 8, and Nowak,
chap. 9 in this volume)? In most of the Northern Hemi-
sphere, wolf pups are born early enough in spring (Mech
1970; Fuller 1989a; Servin-Martinez 1997) that their nu-
tritional needs coincide with a birth pulse of herbivores
(May and June), providing relatively easy prey for wolf
parents to catch. By autumn, the pups are large enough
to follow adults on hunts for larger prey, which are more
difficult to kill. Pups are born after the worst of the win-
ter weather and grow to almost adult size before it re-
turns (Van Ballenberghe and Mech 1975). Thus, wolves
copulate in winter (Mech 1970), gestation being 61—64
days. However, new pairs form at all times of the year
(L. D. Mech, unpublished data), and existing pairs re-
main together year-round, their tandem urination con-
veying essentially the same information a wedding ring
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does (Rothman and Mech 1979; Mertl-Millhollen et al.
1986).

Most of our knowledge of canid courtship behavior
(see table 2.2) has been provided by captive studies
(Schenkel 1947; Rabb et al. 1967; Packard 1980; Zimen
1981, 1982; Packard et al. 1983; Jenks and Ginsburg 1987;
Schotté 1988; Derix et al. 1993; Asa 1995; Servin-Martinez
1991, 1997). Wolf researchers use these detailed studies to
interpret the glimpses of reproductive behavior reported
from the wild (Mech 1966b; Haber 1968, 1977; Peterson
1977; Mech and Knick 1978).

Phases of the Reproductive Cycle

Seasonal peaks in wolf reproductive behavior are corre-
lated with seasonal changes in reproductive hormones
(Seal et al. 1979; Zimen 1982; Asa and Valdespino 1998).
In autumn, testosterone in males and estrogen in fe-
males begin to rise, priming the reproductive organs
for a predictable sequence of behavioral and physiologi-
cal phases: proestrus, estrus (“heat”), metestrus (preg-
nancy or pseudopregnancy), pup care, and anestrus
(Packard et al. 1983). However, the duration of each
phase and the magnitude of hormonal changes within
each phase vary among individuals, possibly depending
on interactions among such factors as genotype, age, ex-
perience, body condition, latitude, and the social envi-
ronment (Packard et al. 1983, 1985).

The phases of the canid reproductive cycle can be rec-
ognized in the field. For example, during the 2 months
prior to estrus, paired wolves sleep within 1 meter of each
other, significantly closer than after mating (Mech and
Knick 1978; Knick and Mech 1980). Usually, the breed-
ing female in each pack is followed more closely by her
mate than by other pack members (Mech 1966b; Peter-
son 1977). Each courting pair engages in reciprocal nuz-
zling, prancing, genital investigation, and scent mark-
ing (Schenkel 1947; Rabb et al. 1967). By back-tracking
known radio-collared wolves during winter, Rothman
and Mech (1979) learned that established pairs scent-
mark more frequently than lone wolves and that newly
formed pairs scent-mark more frequently than estab-
lished pairs.

Observations of captive wolves help detail how the
courtship behavior of a pair becomes synchronized
when male and female are sexually naive. Wolves hand-
raised by Erik Zimen (1981, 133) bred successfully al-
though they had no opportunity to learn from experi-

enced breeders. For example, one sexually naive male,
Nischen, “took a great interest in the places in the snow
where Finsterau urinated. . . . Nidschen kept almost per-
petual skin contact with Finsterau. At the end of Febru-
ary, Finsterau for the first time stopped, though only
briefly, when Nischen tried to mount her. A few days
later things progressed to a point at which she presented
herself by approaching Nischen sideways and then in
front of him, with her tail turned to one side. Nischen
mounted her and, after a number of vigorous thrusts
of the pelvis the two ‘locked’ in the fashion typical of
canids.”

Each mated pair of wolves progresses through the
same fixed sequence of behavioral phases. The duration
of each phase is determined by the rate at which ovarian
follicles develop and mature within each female each
season (Seal et al. 1979, 1987; Packard et al. 1983, 1985).
The basic endocrinological patterns of wolves are de-
scribed in more detail by Kreeger in chapter 7 in this vol-
ume; the physiological correlates of wolf reproductive
behavior are outlined below.

Pre-proestrus

Pre-proestrus occurs in late autumn or early winter,
before adult females show a bloody vaginal discharge
(Seal et al. 1979). During pre-proestrus, it is not unusual
for either a male or a female wolf to express unrecipro-
cated interest in a potential mate. For example, in Zi-
men’s (1981, 132) captive Bavarian pack, “Finsterau kept
pressing against Wolfchen and whimpering, rolling
on her back in front of him, and pulling his coat . . .
but the more importunate she became the more he
withdrew.”

One theory is that flirtatious female behavior during
pre-proestrus is affected by the hormonal changes asso-
ciated with rising gonadotropin levels and waves of in-
complete follicular development (Packard 1989). At this
time, plasma estradiol rises above the 10 pg/ml typical
of anestrus (Packard 1980, 75). More frequent scent-
marking by males during this period may be correlated
with elevated testosterone levels prior to proestrus in
females (Hart and Haugen 1971; Packard et al. 198s;
Packard 1989). In captive wolves, fights between males
appear more likely in autumn and early winter prior to
proestrus in females (Zimen 1975; Packard 1989). For
adult male wolves, average baseline values for plasma
testosterone ranged from 106 to 408 ng/ml, and average
testosterone response to injection of LHRH ranged from



44  Jane M. Packard

384 to 716 ng/ml, during this period prior to February 1
(Packard 1980, 91).

Proestrus

The proestrous phase begins when a bloody vaginal dis-
charge appears, associated with squamous cells shed
during rapid growth of the uterine lining. Plasma estro-
gen rises during proestrus, and adult males usually be-
come very attentive to odors in the urine and vulva of
their mates (see Kreeger, chap. 7 in this volume). Most
likely, this olfactory communication functions primarily
in behavioral synchronization of sexually naive, newly
formed pairs. Experienced males copulate even if they
cannot smell their mates (Hart and Haugen 1971; Asa
et al. 1990; Asa 1995).

Typically, a proestrous female will prance, body-rub,
paw, nuzzle, place her chin on her mate’s back, or pre-
sent her rear near his nose (Schenkel 1947). Such court-
ship behaviors (see table 2.2) are referred to as “active so-
licitation” or “proceptivity” (Beach 1976). However, the
frequency of active solicitation varies greatly among in-
dividuals (Bernal and Packard 1997), as does female at-
tractiveness to males (Packard et al. 1985). The most pro-
ceptive (solicitous) females are not necessarily the most
attractive (Zimen 1981; Packard et al. 1985).

Estrus

In Canis, behavioral estrus is the phase in which a female
is receptive to copulating (Concannon et al. 1975, 1977).
Two diagnostic behavioral changes occur in a recep-
tive estrous female: (1) she averts her tail to the side
of her vulva (flagging), and (2) she stands still when a
male mounts her. If a male is inattentive, an estrous
female may paw at him, rub against him, straddle him,
or even mount him (J. M. Packard, unpublished data).
Cornified cells in vaginal smears and a soft or swollen
vulva also define this phase (Concannon et al. 1975;
Packard 1980, 83).

Due to their phylogenetic similarities, neurophysio-
logical studies of estrous behavior in dogs provide an ap-
propriate model for wolves (Seal et al. 1979, 1987; Asa and
Valdespino 1998). The hormonal determinants of es-
trous behavior are complex (Hart 1970; Concannon et al.
1975; Thun et al. 1977). Receptivity appears to be corre-
lated with rising plasma progesterone after priming by
estrogen during proestrus.

The courtship behaviors of wolves described above
are similar in form to those of dogs. Actions associated
with play and conflict may also occur during courtship

interactions. For example, a courting pair of wolves I
watched in the Houston Zoo rose up on their hind legs
with forelegs entwined in brief wrestling matches.

The male may respond to the female’s visual and ol-
factory stimuli by licking her genitals, then mounting
her. Inexperienced males may direct mounting behavior
to the head or side of the female before learning to
mount at the rear. An unreceptive female may snap,
growl, pull away, lie down, roll over, or shove the male
away. When receptive, females avert the base of the tail to
one side, exposing the swollen vulva. Experienced fe-
males may spread the rear legs slightly, enhancing their
stability as the male mounts and the penis is inserted
into the vulva. In a successful copulatory sequence, rapid
pelvic thrusts follow, while the male’s forelegs clasp the
female behind the ribcage.

When a wolf ejaculates, his final thrust is prolonged a
bit and his chin and/or rear legs may be raised slightly.
During pelvic thrusting, the bulbous gland at the base of
his penis engorges with blood and locks the pair in a
copulatory tie (Fuller and DuBuis 1962; Rabb 1968, cited
in Mech 1970). Usually, the male dismounts, and the
two stand or lie rear-to-rear until the swelling declines in
5—36 minutes (Mech 1970; J. M. Packard, unpublished
data). The tie is shorter if the female struggles and tries
to pull away, or if other wolves interact with the tied pair.

Ejaculation followed by expansion of the penile bulb
to form the copulatory tie in Canis are spinally mediated
reflexes facilitated by androgens (Hart 1968, 1974b). Fe-
male canids respond to stimulation by the penile bulb
with rhythmic contraction of the smooth muscle of the
uterus, such that sperm are squeezed toward the ovaries
(Evans 1933), presumably in response to a short-term
pulse of oxytocin. The copulatory tie may function in
postcopulatory sperm competition (Dewsbury 1972) or
in reinforcement of the pair bond (Mech 1970).

The total number of copulations per estrus varies
among individuals, ranging from one to eleven and av-
eraging six for five captive females observed continu-
ously during estrus (Packard 1980). Although estrus usu-
ally lasts less than a week in experienced captive pairs
(J. M. Packard, unpublished data), estrous periods of
up to 15 days (Zimen 1976), and even multiple peaks of
estrous activity, have been reported in captive wolves
(Bernal and Packard 1997; Zimen 1981).

Metestrus
During metestrus in Canis, high levels of progester-
one (10 to 19 ng/ml: Packard 1980, 75) are maintained
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whether pregnancy occurs or not (Asa and Valdespino
1998). Because these species are spontaneous ovulators,
polyestrus does not occur in Canis (Asa 1995, 1997).
Metestrous females that are not pregnant are said to be
“pseudopregnant” (Johnston 1986), since some indi-
viduals show physical (slight growth of mammary tis-
sue, loss of belly hair) and behavioral changes (den con-
struction, pup care) usually associated with pregnancy
(Packard et al. 1983; Mech, Phillips et al. 1996).

Despite much speculation (Moehlman 1986, 1987;
Mclntyre 1995; Lewis and Pusey 1997; Moehlman and
Hofer 1997), there is no published evidence that pseudo-
pregnant female wolves have nursed pups. Although
milk can be expressed from the nipples of some pseudo-
pregnant females during metestrus (Mech and Seal
1987), the secretion is probably nonfunctional. Reported
cases of cooperative nursing in wolves (Packard 1980; Pa-
quet et al. 1982; Fentress and Ryon 1982), have all in-
volved females that were both pregnant.

Because estrus in a wolf population probably lasts
only about a month (see Kreeger, chap. 7 in this vol-
ume), male wolves have less incentive than male dogs
do to abandon their pregnant mates in search of other
estrous females. Without much opportunity to insemi-
nate other females, theoretically there is little ultimate
cost to males that stay with their mates and help care for
pups. Male care of infants is associated with obligate
monogamy in other mammals in which males have few
opportunities to inseminate other females and females
are unlikely to succeed in raising young alone (Kleiman
1977).

Male care of pups may be indirect (den preparation,
pup defense, food delivery to the breeding female) or di-
rect (food delivery to the pups). This distinction is im-
portant, because all pups in a litter may share equally in
the benefits of indirect care, while direct care may be un-
equally distributed (Malcolm and Marten 1982).

Dens and Homesites: Indirect Care

Preparations for pup care by family members may start
before wolf pups are born. Dens may even be dug in
autumn (Thiel et al. 1997). Adults and yearlings of both
sexes participate in den digging (Ryon 1977; Mech, Phil-
lips et al. 1996) and provisioning the pregnant female
(Fentress and Ryon 1982).

Experience may influence choice of a den site (Fuller
1989a); however, experience is not a prerequisite for suc-
cessful denning in wolves. For example, during her first

pregnancy, a hand-raised female in Zimen’s (1981, 134)
captive Bavarian pack “dug small holes at several places
in the enclosure, preferably in the sandy soil immedi-
ately under a tree stump. . . . The sand was easy to dig
in, and the roof of the den was protected by the wide-
spreading roots of an old pine tree which assured it
against collapse.”

Pregnant females may “localize” near a den for up to
a month before parturition (Harrington and Mech
1982¢; Fuller 1989a; Boyd, Ream et al. 1993), although
they do not always do so (L. D. Mech, unpublished
data). Usually, other pack members accompany the
pregnant female near the den, but family members vary
highly in their degree of association with the breeding
female (Murie 1944; Clark 1971; Haber 1977; Harrington
and Mech 1982¢c; Mech 1988a; Ballard, Ayres, Gardner,
and Foster 1991). Reported dates of den localization cor-
respond to the range of parturition dates recorded in
captivity (Servin-Martinez 1997). As expected, the same
latitudinal difference is seen in denning dates as is ap-
parent in breeding dates (Mech 1970, 2002).

Wolf dens usually are located away from peripheral
zones of the territory, where hostile encounters with
neighboring packs are most likely (Ballard and Dau 1983;
Fuller 1989a; Ciucci and Mech 1992). In the Superior Na-
tional Forest of Minnesota, only 11% of twenty-nine
dens were located within 1 km (0.6 mi) of territory
boundaries (Ciucci and Mech 1992), a zone where 56%
of the wolves killed by other wolves died (Mech 1994a).
Dens in larger homogeneous territories tended to be
more central (Ciucci and Mech 1992) unless there were
attractive geographic features in the territory, such as a
river or road (Mech et al. 1998, 104).

Distances between the active dens of neighboring
packs vary with territory size; for example, in a south-
central Alaska population, inter-den distances averaged
45 km (Ballard and Dau 1983). Several dens within each
home range may be used (Joslin 1967; Chapman 1977;
Mech et al. 1998), and females vary in the probability that
they will reuse a previous den (Ballard and Dau 1983;
Fuller 1989a; Ciucci and Mech 1992; Mech 1995d).

The characteristics of dens vary across diverse loca-
tions (Mech 1970; Mech et al. 1998), depending on what
is available to the wolves, although most natal dens are
located near water (Joslin 1967; Mech 1970). In the frozen
tundra above the Arctic Circle, one pack used crevices
on arocky ridge, a shallow scrape, and a rock cave (Mech
1988a, 1993b). North of the tree line in the Alaskan Arc-
tic, many dens are located on sandy bluffs (Stephenson
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1974; Ballard and Dau 1983; Lawhead 1983; Williams 1990;
Heard and Williams 1992). Where the thick root mat of
vegetation on these sandy bluffs is intact, the roof of the
burrow may be held fast; however, where the vegetation
is sparse, the roof may cave in, resulting in multiple en-
trances to the burrow (Clark 1971; Murie 1944; Peace
River Films 1975). In forested areas, dens may be dug un-
der the roots of trees (Criddle 1947; Scott and Shackleton
1982). Mech et al. (1998) summarized the various kinds
of dens that wolves use.

Hypotheses regarding the proximate mechanisms as-
sociated with pre-denning behavior include the follow-
ing: (1) that rising prolactin is associated with den dig-
ging in males as well as both pregnant and nonpregnant
females (Mech, Phillips et al. 1996; Asa and Valdespino
1998); (2) that the breeding female is often the focus of
attention for her mate and offspring (Zimen 1976, 1981,
1982), who may be stimulated to dig where she digs; and
(3) that den digging and homesite attendance by year-
lings and subadults may be a by-product of a slow mat-
uration rate and prolactin cycles in prereproductive
wolves of both sexes. Insufficient data are available to test
these hypotheses, but reports of den digging in autumn
tend to refute the prolactin hypotheses (Thiel et al. 1997).

From a deterministic perspective, hypotheses about
the ultimate reasons why nonreproductive pack mem-
bers provide indirect pup care include the following:
(1) to pursue the best option for promoting the genes
they share with their kin while they are nonreproductive
(kin selection), (2) to enhance pack social bonds, and
(3) to gain experience for when they become breeders
themselves (Macdonald and Moehlman 1983; Moehl-
man and Hofer 1997; Asa and Valdespino 1998). This “al-
loparental” care by nonbreeders could allow breeding
females to remain with the pups continually when prey
are not readily available near the den (Harrington et al.
1983). These hypotheses are also untested, and the issues
associated with such babysitting behaviors are complex
(Clutton-Brock et al. 2001).

Wolf pups live in and around a den during their first
8 weeks (Mech 1970), but their mother might move
them from one den to another during this period (Mech
et al. 1998). From about 8 to 20 weeks of age, pups in-
habit an area above ground that includes a “nest” or
nests where they huddle together, a network of trails,
and various play areas. Known as loafing sites (Young
and Goldman 1944) or rendezvous sites (Murie 1944;
Joslin 1967; Theberge and Pimlott 1969), these areas,

along with dens, are considered “homesites” (Harring-
ton and Mech 1978a).

Wolf packs vary widely in the amount of time that
pups remain at the natal den, in the number of activity
centers within a homesite, and in the number of home-
sites used during the summer season of pup care. Varia-
tion in a pack’s homesite use may be related to annual
variation in the movements of prey between winter and
summer feeding grounds (Scott and Shackleton 1982).

At homesites, pack members provide indirect care to
pups in at least two ways: through general defense (Mech
2000a), and by provisioning lactating females (Mech et
al. 1999). Aggressiveness toward intruders increases in
both reproductive and nonreproductive males during
denning (Mech 1970; Zimen 1981).

Prolonged bark-howling is a defensive response to
unexpected movements of an intruder near a homesite.
One day when I changed my 1988 observation site of the
Ellesmere Island pack, Gray Back (a yearling male) bark-
howled eighty-five times as the breeding female and
her four pups calmly returned to the cave den from an
open meadow. Sometimes the movement of pups to
a new homesite is not associated with bark-howling,
and the circumstances of disturbance are more ambigu-
ous (Chapman 1977; L. M. Thurston, J. M. Packard, and
D. W. Smith, unpublished data).

Indirect care is provided by all non-pup pack mem-
bers, although not all participate equally. Harrington et
al. (1983) suggested that larger packs may be more likely
to successfully defend homesites from predators. In the
reintroduced population of Yellowstone wolves (Phillips
and Smith 1996), Thurston (2002) confirmed that gen-
der, age, and pack affiliation influenced trends in home-
site attendance. Furthermore, patterns of attendance
changed over the pup-rearing season.

Pup Birth and Stages of Development

Birth and development in wolves are similar to those
processes in dogs (Scott 1967), so it is useful to adopt
Scott’s and Fuller’s (1965) classifications of pup devel-
opmental periods for wolves (Mech 1970). These au-
thors recognized four developmental periods: (1) the
neonatal period, from birth to the age of eye opening
(12—14 days); (2) the transition period, from the age of
eye opening to 20 days; (3) the period of socialization,
from 20 to about 77 days; and (4) the juvenile period,
from 12 weeks to maturity.
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Within the socialization period, Packard et al. (1992)
referred to phases of (a) milk dependency, (b) transition
to solid food, and (¢) independence from milk. They hy-
pothesized that the duration of these phases might be af-
fected by food availability, the nursing female’s condi-
tion, and pup demand (litter size).

I once peeked in on the birthing behavior of a hand-
raised wolf named Sitka. As I cautiously lifted the lid
of her den box, I saw a pup emerging. Curled around
the other pups nestled against her belly, Sitka licked the
new arrival and nibbled gently at the membrane sur-
rounding it. When the membrane slipped off, she swal-
lowed the tissue, breaking the placenta in the process.
The pup sprawled on its back, and Sitka nudged it gently
until it was near the other pups at her belly. When Sitka
looked at me and growled, I was afraid she might redi-
rect her maternal defensiveness and bite the pups, so I
withdrew.

Compared with smaller canids, wolves bear relatively
large pups in relatively small litters (Moehlman 1986).
There has been much speculation about this correlation
(Bekoff 1989; Moehlman 1989; Geffen et al. 1996; Moehl-
man and Hofer 1997). Larger pups may be more resistant
to wet, cold weather (Mech 1993b). However, larger pups
also need more nutrition from their mother.

Neonatal Period

With eyes closed, newborn wolf pups look much like
German shepherd pups. They are dark, and some even
have a white star on the chest. Their tiny drooping ears
and pug faces add to the round appearance of their
heads. Holding a tiny pup in my hands, I used to marvel
that such a little creature would someday look like its
mother. The pups’ small, uncoordinated legs are good
for little more than crawling and kneading their moth-
er’s belly while nursing. When cold, they crawl toward
warm objects. It is amusing to watch wolf pups as some
squirm and crawl on top of one another, while others fall
and tumble off the pile. When sleeping in a pile, some-
times a leg will twitch as if the pup is dreaming.

Within hours of birth, canid pups suckle in a reflex-
ive response to a nipple-like object touching their lips
(Fox 1971b). When their mother crawls into the den and
lies with them, young wolf pups struggle to reach her
belly, and move their heads from side to side until they
encounter a nipple and start suckling. Some pups may
doze off, tipping the head, then wake up with a start and
continue suckling. Their mother may lick at the rear or

inguinal area of the pups, stimulating them to urinate
and defecate. She consumes eliminations, keeping the
den clean, until the pups are large enough to walk to the
entrance and eliminate outside.

At birth, wolf pup behavior is little more than a
simple set of reflexes (e.g., heat seeking, nuzzling, suck-
ling, elimination in response to maternal licking, crying
when hurt, whimpering when cold, hungry, or isolated)
(Scott and Fuller 1965; Fox 1971b). However, as the pups’
senses and coordination develop, simple reflexes expand
into interactive routines (Fentress 1983; Bekoff 1989;
McLeod and Fentress 1997). For example, reflexive uri-
nation in response to maternal licking develops into the
“belly-up” response, often referred to as “passive sub-
mission” in yearlings and adults (Schenkel 1967; Fox

1971€, 1972a).

Transition Period

Wolf pups’ eyes open at about 12—14 days (Mech 1970),
when the pups also become coordinated enough to
stand and walk. At first the pups explore the natal cham-
ber in the den, gradually moving farther each time be-
fore collapsing again in a puppy pile. Eventually they
stumble out to the den entrance and stand looking at the
outside world. It is not unusual for them to startle and
duck back into the den after their first peek. Gradually,
the growing pups explore farther, and soon they are
playing, lying, nursing, and eliminating around the
mouth of the den.

As indicated above, newborn wolf pups are relatively
helpless, and their visual and auditory senses are poorly
developed compared with their olfactory and tactile
senses (see Harrington and Asa, chap. 3 in this volume).
Their sensory systems, size, and muscular coordination
develop rapidly during the transition period (Fox 1971b;
Bakarich 1979; McLeod 1987, 1996; McLeod and Fen-
tress 1997). The manner in which neuronal connections
develop in the brain during the first few weeks of life
may be determined by the pups’ experience with their
mother and siblings in the den (Klinghammer and
Goodmann 1987). During this early window of develop-
ment, pups learn to recognize familiar individuals, usu-
ally family members (Bekoff 1989). Rapid learning dur-
ing the transition and socialization periods (Scott and
Fuller 1965; Scott 1967; Fox 1971b) has important impli-
cations for the social context of learning later in life; for
example, vocalizations become differentiated and associ-
ated with specific contexts.
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Socialization Period

About 2024 days after birth, the pups become mobile
enough to explore as far as the mouth of the den (Mech
1970; Ryon 1977; Ballard et al. 198y7; Fuller 1989a). They
begin to elicit care from other pack members (Murie
1944; Ryon 1977; Fentress and Ryon 1982), and they start
ingesting solid food (Mech 1970). In another 2 weeks,
they are spending a lot of time outside the den and in-
teracting with the adults.

I recall a typical scene at this stage from around the
Ellesmere pack’s den in 1988. Left Shoulder was lying
like a sentinel near the den entrance when we first ap-
proached. As the 5-week-old pups milled around the
head of their reclining mother, she arose and escorted
them out of sight into the cave den, followed by the year-
ling female. Later, when the pups saw us, they disap-
peared into the den on their own, a highly effective re-
sponse to intruders. When the yearling male, Gray Back,
entered the den briefly, a pup followed him out, then
waddled back in to rejoin its siblings. The pups appear
rather indiscriminate of which family members they ap-
proach during this sensitive period of socialization.

While the pups are still small and immobile, they
suckle from a lying position within the den (Coscia et al.
1990; Lawrence 1990). At about 3—5 weeks, they are large
enough to reach their mother’s nipples in a standing po-
sition, and will approach her outside the den, often in re-
sponse to soft squeaks (Crisler 1958; Fentress 1967; Cos-
cia 1989; Goldman 1993). At this stage, suckling bouts
average 3 minutes in duration and occur at an average of
s-hour intervals (Packard et al. 1992).

Up to 5 weeks of age, wolf pups are relatively uncoor-
dinated, and their range of movement is usually less than
0.5 km (0.3 mi). When a small pup is away from the
safety of a den, its mother may pick it up gently in her
mouth and move it to a safer site (see table 2.2). Mother
wolves also carry pups when they lag behind while fol-
lowing adults between sites, or when the adults move
the entire litter from one den to another. Pup carrying
has been reported for a non-nursing female (D. W.
Smith, personal communication), but not for male
wolves (Mech 2000a).

The pups are very likely to follow their mother if she
interrupts a nursing bout and trots away in response to
a disturbance (Packard et al. 1992). Their behavior is
quickly shaped to follow a departing adult moving in an
intent, directional manner. This following response is
effective in moving 5-week-old pups between homesites

(Mech 1988a, 44). It could be a precursor to heeling, as in
dog training.

At about 5 weeks of age, the pups are sufficiently co-
ordinated to seek shelter from inclement weather and
potential predators. They are still small enough to be
carried by adult females and large enough to follow
adults for short distances. Their sensory systems are fully
developed, and their gastric system has developed to a
stage at which solid food can be digested. Although their
teeth have erupted, they do not have sufficient bite
strength to chew large pieces of meat. The full capability
of shifting to a meat diet develops later.

Between 5 and 10 weeks of age, wolf pups advance
from dependent toddlers to active individuals engaged
in learning from their physical and social environments
(Mech 1970, 1988a; Havkin 1977; Havkin and Fentress
1985; Packard et al. 1992; Jensen 1993; McLeod 1996;
McLeod and Fentress 1997). If there is a shortage of food
during this period, the pups still have access to milk as a
nutritional alternative, although their growth may be
slowed. Under poor food conditions, individual varia-
tion in body size begins in the transition period and is
likely to be accented by the end of summer (Van Ballen-
berghe and Mech 1975).

In the Ellesmere pack (in 1988), suckling bout dura-
tion declined to 1 minute, on average, at about week 9
(Packard et al. 1992). The intervals between bouts in-
creased to an average of 10 hours, until the pups no
longer solicited nursing during week 10. Weaning in the
Ellesmere pack was not associated with agonistic inter-
ruptions (Packard et al. 1992), as reported for dogs (Scott
and Fuller 1965). Theoretically, the degree of weaning
conflict would be negatively correlated with food supply
and positively correlated with litter size (Packard et al.
1992; Malm and Jensen 1996). We believe that food was
abundant during our observations because pups re-
ceived a daily average of one arctic hare and two regurgi-
tations during their tenth week, when they stopped so-
liciting milk (Packard et al. 1992).

With increasing independence from milk, the follow-
ing response of pups generalizes to whichever family
member feeds them. When hungry pups spot an ap-
proaching pack member, they rush over and poke their
muzzles around the adult’s mouth, an action called
“lick-up” (fig. 2.5). If the care-giver has a full stomach,
this stimulus seems irresistible: the adult regurgitates
food to the pups. In 76% of 115 regurgitation bouts we
observed on Ellesmere, regurgitators delivered food
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FIGURE 2.5. Pups solicit regurgitation by a behavior called licking-

up, in which they poke their muzzles around the mouth and chin of
an adult. This behavior persists into adulthood, when it serves an ad-
ditional function of appeasement of conflict.

where they were met; in 11% of the bouts, pups followed
the regurgitator 10 —s0 meters before it regurgitated; and
in the rest, they followed up to 800 meters (Mech et al.
1999). Usually the pups were so excited and active that it
was hard to see what food reached the ground in the
midst of the confusion. By the age of weaning, pups are
sufficiently mobile and have enough endurance to fol-
low adults to carcasses (Gray 1993; L. D. Mech, unpub-
lished data).

On days of food surplus, the pups cached food
around the homesite, essentially filling “the pantry” with
snacks that they later sought out or encountered hap-
hazardly when the adults delivered little food and the
pups were active. Caching routines initially are highly
stereotyped in pups (Phillips et al. 1990), implying neu-
roendocrine programming. By measuring three cached
regurgitations, Mech et al. (1999) estimated that an aver-
age of 1.25 kg (2.75 pounds) of meat was stored per cache.

The duration of activity bouts increases during the
socialization period (Packard et al. 1992). Pups learn
the contingencies of their interactions with other pups,
and their combative routines increase in complexity
during “play-fighting” (Moran 1978; Moran et al. 1981;
Havkin and Fentress 1985; McLeod 1996; McLeod and
Fentress 1997). Theoretically, cardiovascular condition-
ing increases with activity at this stage (Bekoff 1972,
1974b), and individual differences may become more
pronounced (Folk et al. 1970; Fox and Andrews 1973;
K. B. MacDonald 1983, 1987; Zimen 1978). During this
stage, pups also become familiar with the identity of

family members, acquiring information that will in-
fluence how their social behavior is directed later in life
(Bekoff 1981, 1989), particularly when they encounter
hostile neighbors.

Play

Based on his observations of the Ellesmere pack dur-
ing the pup-rearing season, Mech (1988a, 61) empha-
sized the importance of play in the socialization of wild
wolves. He reported very few dominance interactions
outside the context of food contests. He saw less conflic-
tive than cohesive behavior, with much of the latter oc-
curring in the form of social play.

Not all researchers agree on definitions of play. Typi-
cal characteristics of play include (1) actions also ob-
served in other contexts (e.g., stalking, pouncing, chas-
ing, face pawing), (2) metacommunication signals (e.g.,
bowing, tail wagging, grinning, head tossing), (3) re-
peated and exaggerated movement indicating a pleasur-
able quality (e.g., approach/withdrawal, leaps, bouncy
galloping) and (4) exchange of roles (e.g., the “chaser”
becomes the “chasee”), maintaining mutual participa-
tion (Bekoff 1974a, 1984). Object play also may occur
when pups encounter novel stimuli, such as water (Cos-
cia 1993).

While watching wolf pups play in the Ellesmere and
Yellowstone packs, I was eager to see whether certain
pups learned to avoid others during play. We were en-
tertained by hours of play, including interactions anal-
ogous to keep-away, tag, wrestling, and king-of-the-
mountain. Repetitive routines were interspersed with
novel events resulting in new combinations of actions. I
saw only two episodes in which elements of conflictive
behavior occurred during play. However, the same fre-
quent “play-wrestling” interactions that I saw were in-
terpreted by another observer as “fighting.” Clearly, in-
terpretation depends on each observer’s experience and
mind-set.

According to a deterministic model of wolf behavior,
there must be some sort of “social glue” that allows
wolves to cooperate in caring for the young (Fox 1980).
Fox (1975) compared the play behavior of pups in aso-
cial, semi-social, and social canids (e.g., foxes, coyotes,
and wolves). He hypothesized that wolves would be the
most playful and the least aggressive (Fox 1969, 1970).
Bekoff (1974a,b) obtained evidence from single litters
of each of these species that supported Fox’s hypothe-
sis. He observed a stereotyped play bow in all species,
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presumably a trait inherited from a shared ancestor
(Bekoff 1977¢).

Detailed studies of play routines in wolf pups (Havkin
1977) have opened researchers’ minds to the importance
of examining relative probabilities as well as absolute
rules (Fentress et al. 1987). For example, in 3-week-old
pups, a side approach is more likely to knock another
pup down, due to simple mechanical advantage, in con-
trast to a frontal approach (Havkin and Fentress 198s).
Via trial and error, pups learn the consequences of their
actions. With experience, older pups develop effective
counter-tactics, including somersaulting.

The ability to learn counter-tactics during play may
provide a basis for the learning of complex social rela-
tions later in life (Bekoff 1984). Other hypotheses about
the function of play in canids include (1) physical exer-
cise related to aerobic conditioning, (2) development of
muscular routines, (3) practice of instincts useful for
hunting later in life, and (4) “animals that play together,
tend to stay together” (Bekoff 1974a, 338).

Direct Biparental Care

During the first month after birth, mothers generally
contribute directly to pup care in the form of milk and
body warmth, as well as choosing and maintaining a dry,
clean environment. Fathers contribute indirectly in the
form of defense of homesites, hunting, and provisioning
the lactating female.

For newborns, pup care by a lactating female is quite
different from care by her mate, who only occasionally
enters the natal den (Fentress and Ryon 1982; L. D.
Mech, unpublished data). Father wolves contribute to
the feeding of their newborn pups only indirectly by
feeding the nursing mother. According to the “division
of labor” model (Mech 1999), the male spends most of
his active time hunting while the female attends the pups
during their first 3—4 weeks (Harrington and Mech
1982¢; Ballard, Ayres, Gardner, and Foster 1991). Unless
a focal-follow technique is used, however, it is hard to
tell whether a male is hunting or resting when away from
the homesite (Thurston 2002).

In Yellowstone packs, the relative probability of
homesite attendance differed more between the breed-
ing male and female during the first month than during
the second month of pup care (Thurston 2002). In 44%
of nine pack-years, the difference in den attendance be-
tween mother and father declined to zero by 5 weeks of

pup age, on average. In a third of the cases, no difference
could be detected between mother and father through-
out the monitoring period 1—12 weeks after birth. In two
unusual cases involving communal denning by two sis-
ters, the breeding male initially spent more time at the
den than the mothers, although this difference was neg-
ligible by the second month of pup care. In nine of
twelve cases, alloparental care was less than or equal to
parental care when cases were matched for sex, pack, and
year.

Regurgitative Provisioning

When the father wolf obtains food, he returns to the den
and presents food to his mate, either by carrying it in
his mouth or by regurgitating it to her from his stom-
ach (summarized by Mech et al. 1999 and Mech 1999,
2000a). When the pups are out of the den, the breeding
male and any other adults regurgitate food to the pups.
The mother wolf may try to usurp whatever portion of
this food she can get, later delivering some of it to the
pups. When the mother joins the family on hunts, she
similarly brings food back to her pups.

In the Ellesmere pack, the ratio of regurgitations by
the breeding male compared with the breeding female
varied by year (Mech et al. 1999). Relative female effort
was not related to pack size, although it was positively
correlated with litter size (Mech et al. 1999).

How much does the food provided by male wolves
help offset the lactational drain on a female? No quanti-
tative information on this subject is available. Mech
(1999) proposed that the mother wolf probably can usu-
ally maintain her nutritional condition throughout the
summer because prey is usually abundant then; further-
more, she travels little during the month or so after par-
turition and is fed mostly by the male and other pack
members.

For wolves, monogamy does not appear to be obligate
in the sense defined by Kleiman (1977), meaning that
care by the father (fig. 2.6) is not essential under all con-
ditions. At least one female wolf raised pups, apparently
from birth, without help from other pack members
(Boyd and Jimenez 1994). Other examples include situa-
tions in which mothers, and in one case a father, raised
pups after losing a mate (Boyd and Jimenez 1994; D. W.
Smith, unpublished data).

In their second month, when the pups can ingest
solid food, biparental care may be more symmetric; that
is, the difference between the sexes in homesite atten-
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FIGURE 2.6. Adult and subadult wolves of both sexes care for and
show tolerance toward pups within the family, although they may at-
tack pups from another pack. Here, a father babysits pups.

dance and provisioning is less, but still apparent (Ballard
et al. 1981; Harrington and Mech 1982¢; Mech et al. 1999;
Mech 2000a). Both male and female parents hunt and
bring food to the pups. The female, however, continues
to nurse them and still spends much of her time near the
homesite. In the Ellesmere pack, the breeding male, Left
Shoulder, was occasionally absent for more than a day at
atime. Homesite attendance may be an indirect measure
of parental care, correlated with direct care (Thurston
2002).

When parents return to the homesite, they regurgi-
tate to the pups one or more times. On Ellesmere, adult
wolves, including parents and helpers, regurgitated only
once during each of 61% of the food deliveries, although
they occasionally regurgitated up to five times during a
single delivery, within 5—35 minutes after arrival (Mech
et al. 1999). The food delivered per regurgitation bout
was tentatively estimated to range from 1.10 to 7.25 kg
(2.4—16 pounds). Since the average number of regurgi-
tations per bout was 1.5, the average amount of food de-
livered per bout would have been 1.9 kg (4.2 pounds).
This estimate assumes, however, that the amount of
meat regurgitated to pups was the same as that regurgi-
tated into caches (since that was the only time it could
be measured)—a tenuous assumption. Theoretically,
the amount actually received by each pup would vary
with litter size, size of meat chunks, and individual skill
at competing for meat.

Pups successfully competed with their mother and
older siblings for regurgitated meat, receiving 81% of
171 regurgitations recorded over 6 years in the Ellesmere
pack (Mech et al. 1999). The nursing female received

14% of the regurgitations, mostly from her mate, and
primarily during the neonatal and transition periods,
before the pups could reach the den entrance or digest
solid food. Family members other than the parents were
half as likely as parents to regurgitate to the pups, and
they themselves received only 6% of the regurgitations
during this study. The overall pattern was similar in a
captive pack (Fentress and Ryon 1982).

Use of the Homesite
The mother wolf remains with the pups for most of the
time during their first 3—4 weeks of life (Ballard, Ayres,
Gardner, and Foster 1991). After that, the amount of
time pups are left alone varies (Chapman 1977; Harring-
ton and Mech 1982¢; Ballard, Ayres, Gardner, and Foster
1991). Chapman (1977) estimated that pups were unat-
tended 40-73% of the time that he monitored three
packs in Denali National Park. Under conditions of
abundant food, pups were left alone 5-15% of the time
that two packs were monitored in south-central Alaska
(Ballard, Ayres, Gardner, and Foster 1991). It is difficult
to interpret this variation among populations, since the
presence of a carcass near the homesite influences den
attendance (Harrington and Mech 1982¢; Ballard, Ayres,
Gardner, and Foster 1991; Jedrzejewski et al. 2001).

On the few occasions when Murie (1944, 29) watched
a lactating female leave the den with pack members, she
“ran as if she were in high spirits, seeming happy to be
off on an expedition with the others.” However, she re-
turned earlier than the other family members. Other re-
searchers have reported a similar pattern (Harrington
and Mech 1982¢; Ballard, Ayres, Gardner, and Foster
1991; Vila et al. 1995; Mech 1999, 2000a).

The Familial “Hunting School”

The association of pups with pack members between
weaning and dispersal from the natal group is of partic-
ular importance to the pups’ opportunities to learn
hunting techniques. We watched one of the first times
that 3-month-old pups followed adults away from the
natal homesite at Ellesmere in 1988. Left Shoulder disap-
peared behind the crest of a hill. Shortly thereafter, the
screams of a dying arctic hare echoed across the barrens.
I naively expected the pups to run over and receive one
of their first lessons in killing prey. Instead, they turned
tail and ran for the shelter of the closest rock pile! How-
ever, when Left Shoulder brought the hare carcass to the
pups, they readily converged around him and consumed
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the meal. Thus, the pups could have learned the associa-
tion between food and the screams of the hare.

The propensity to chase and capture small mov-
ing animals appears to be genetically programmed in
wolves, since it occurs without practice in hand-reared
individuals (Sullivan 1979; Zimen 1981). I have watched
3-month-old wolf pups in Yellowstone repeatedly
“mouse-pounce” in the stereotyped canid pattern (Fox
19713, 1975). Such innate behavior gives young wolves a
head start in practicing the skills that take learning, such
as where to find prey, how to kill it, and how to avoid
risks (Mech 1988a, 1991b; Fentress 1992).

At 3 months of age, wolf pups are full of energy,
more likely to follow departing adults or to explore on
their own, and less likely to remain at a homesite. Typi-
cally, they may move among sites where pack members
are likely to return individually and in groups. For ex-
ample, some tundra packs return to the site of a muskox
kill, even after the carcass no longer provides food (Gray
1993). In Minnesota, where prey are not migratory,
homesites may continue to function as activity centers in
autumn and early winter (Harrington and Mech 1982b).

Between 4 and 10 months of age, juvenile wolves are
sufficiently mobile to join adults on hunts, even though
they have not attained full body size. Mech (1991b) has
described the function of family groups at this stage as a
“finishing school” for juvenile wolves, implying that they
have opportunities to hone their hunting skills while
traveling with the family. I suggest that the name “hunt-
ing school” would be better than “finishing school,”
since juveniles have already learned the “manners” of so-
cial interaction.

Most wolves disperse from their natal pack between
the ages of 9 and 36 months (see Mech and Boitani,
chap. 1 in this volume). In the Denali population, only
8% of dispersers were older than 3 years (Mech et al.
1998), although in northwestern Alaska, the average
age of dispersal was about 3 years (Ballard et al. 1997).
The complex and often subtle interactions within each
family influence when offspring disperse. Conflictive be-
havior is tempered by gentle cohesive interactions in
both captive and free-ranging families (see references in
table 2.1).

Cohesion and Conflict

In the popular literature (e.g., Fox 1980; Savage 1988;
Mclntyre 1993), wolf packs are often portrayed as a dom-
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inance hierarchy (fig. 2.7A), in which underlings are kept
in line by dominant individuals. At first I was confused
about how to describe social relations in the captive wolf
packs I watched, because I did not see the amount of ag-
gression I expected. Pups in the captive South pack spent
endless hours in chase games, often joined by the year-
ling male and less often by their father. Adults in the
North pack bedded near one another, tenderly licked
one another’s wounds, rubbed shoulders in exuberant
rallies after naps, and trotted off together to explore the
woods.

After reading an intriguing discussion by Lockwood
(1976, 1979), I reread the observations by Murie (1944)
and Schenkel (1947). All of these authors perceived life in
awolf pack as a balance between cohesive and conflictive
behaviors. They described “submissive” behavior as the
persistence of care-soliciting by offspring who remained
in the family as adults. Perhaps the relative importance
of dominance varies with pack composition, food avail-
ability (and thus competition), and even the eyes of the
observer.

What is meant by cohesive and conflictive behavior?



WOLF BEHAVIOR: REPRODUCTIVE, SOCIAL, AND INTELLIGENT 53

Cohesive behavior is whatever brings wolves closer to-
gether, and conflictive behavior is whatever drives them
apart from sharing within a family (Fentress et al. 1987).
In table 2.2, actions in the categories “Care,” “Proxim-
ity,” and “Sexual” often serve a cohesive function; ac-
tions in “Flight/Fight” and “Humbleness” categories are
often associated with conflict. However, any one action
may occur in several contexts. For example, a “stare”
might function in both cohesion and conflict, depend-
ing on its context.

We have seen that since wolf packs are families, basic
family ties promote cohesion. However, from a deter-
ministic perspective, each individual must also ensure
its own survival first, or it cannot assist relatives. Thus,
during food scarcity, competition and conflict may be
viewed as a way of ensuring family survival over the long
term. In this respect, the following aspects of social co-
hesion and conflict in wolf populations bear discussion:
(1) the dominance hierarchy concept, (2) variation in in-
dividual temperaments and relationships, (3) access to
food and mates within packs, (4) leadership, and (s) in-
teractions among packs.

Age-Graded Dominance Hierarchy

A linear dominance hierarchy is the simplest way of de-
scribing conflict behavior in a wolf pack (see fig. 2.7A).
According to that concept, the most dominant wolf is
the one that wins fights over all others, and is called the
“alpha.” The “beta” loses fights with the alpha, yet wins
over all others, and so on down the line. The wolf least
likely to win any fights is called the “omega.”

These terms (alpha, beta, omega) have been used in
describing interactions among orphaned siblings in
captive groups (Rabb et al. 1967; Folk et al. 1970; Zimen
1975, 1981; Fox 1980) as well as free-ranging wolves
(Murie 1944; Haber 1968, 1977; Mech 1970, 1977¢, 1993a;
Peterson 1977). The terms may be appropriate in am-
biguous situations in which the relatedness among pack
members is unknown or complex (e.g., more than a
single pair of breeders). However, I agree with Mech
(1999) that the terms are inappropriate for typical packs
consisting of parents and offspring (Packard 1980). Si-
mon Gadbois (2002) has reviewed the complex, often
ambiguous terms used in the literature on dominance.

The linear dominance hierarchy concept has been
adopted and perpetuated by popular educational mate-
rials about wolves (Savage 1988; Lawrence 1993; McIntyre

1993). Wolf enthusiasts can usually distinguish easily be-
tween an alpha and an omega wolf by noting which car-
ries the tail higher, as described in by Harrington and
Asa in chapter 3 in this volume. However, in most wolf
packs, family dynamics are more complex. Thus it is im-
portant to review the development of scholarly thought
about the dominance hierarchy in wolf packs.

The classic work on this subject was conducted by
Rudolf Schenkel (1947) on a pack of up to ten wolves
kept in a 200 m? pen. His article was published in Ger-
man, but an English translation by Agnes Klasson has
long circulated among wolf biologists in North America.
In that work, Schenkel wrote of “two sex orders of prece-
dence,” a “status order,” a “rank order,” a “dominance
status order,” and a “clear-cut hierarchy.”

In the first book summarizing wolf natural history
published since Schenkel’s article, R. J. Rutter and D. H.
Pimlott (1968, 43) wrote the following:

Normally, a wolf population is divided into packs, and a
pack is an organization within which every wolf knows its
social standing with every other wolf. Each pack has its own
territory and operates as a unit in its relations with neigh-
boring packs.

Dr. Niko Tinbergen, an internationally known author-
ity on animal behavior, described a similar social order
among Eskimo dogs in Greenland: “Within each pack the
individual dog lived in a kind of armed peace. This was the
result of a very strict ‘pack order’: one dog was dominant
and could intimidate every other dog with a mere look; the
next one avoided this tyrant but lorded it over all the oth-
ers; and so on down to the miserable ‘under dog.””

We believe this describes the fundamental organization
of a wolf pack. . ..

Mech (1970, 69), citing Schenkel (1947), also implied
that wolves showed a linear dominance order within
each sex (fig. 2.7B). This conceptual model, largely struc-
tured according to age, was reinforced by Zimen’s (1976,
fig. 5) study of a captive wolf pack that he formed by as-
sembling unrelated wolves from three sources. (It is im-
portant to note that this was not a natural wolf pack con-
sisting of a pair of parents and their offspring [Mech
1999].) Zimen (1981, 128) later acknowledged that any
model of rank order is an oversimplification.

Several researchers who have observed larger wolf
packs over several years in a wider range of contexts
(e.g., competition over food and mates) have rejected
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the hypothesis that all wolf packs fit the model of a linear
dominance hierarchy (Lockwood 1976, 1979; Packard
1980; Zimen 1981; Mech 1999). Furthermore, K. B. Mac-
Donald (1983, 1987) found that consistent temperament
differences measured in captive wolf pups were not cor-
related with the probability of breeding in a nuclear fam-
ily (Jenks and Ginsburg 1987; Schotté and Ginsburg1987;
Jenks 1988; Schotté 1988).

Based on studies of a larger sample of packs over mul-
tiple years (see table 2.1), I tend to think of the alpha be-
havioral profile as an internal state (or mood). Moods
are subject to change as the health and environment of
an individual change. According to a model of human
behavior, moods are influenced by both temperament
(heritable propensities) and character (learned styles of
coping) (Cloninger 1986). This hypothesis is consistent
with the stochastic perspective developed by behavior-
ists to understand conflictive behavior in other species
(Appleby 1993; Barrette 1993; Moore 1993). Zimen (1982)
expressed a similar notion in terms of the “age-graded
dominance hierarchy” model of conflict within wolf
packs.

What is this age-graded model? In interactions with
adults, juveniles typically are more humble; thus older
wolves effectively intimidate younger wolves. Litter-
mates may squabble over food or during rough play, and
pups are disciplined by older family members. As juve-
niles mature, conflict is more likely between members of
the same sex; that is, females fight females and males
fight males. This model has been presented in two ways:
first, simply as separate linear hierarchies within each
sex, influenced but not absolutely determined by age
(Schenkel 1947; Zimen 1982), and second, as male dom-
inance over females within each age class (Rabb et al.
1967; Fox 1971a, 1980; Lockwood 1979; Zimen 1982; van
Hooff and Wensing 1987; Savage 1988). I hypothesize that
the former is more likely in young nuclear families and
the latter in disrupted or complex families (see table 2.1).

Theoretically, a predictable linear hierarchy is more
probable in a social group when (1) individuals are
added to the group one by one, (2) additions occur after
each dominant-subordinate relationship has stabilized,
and (3) there is a clear difference in fighting ability be-
tween the two individuals in each relationship (Chase
1974). For example, in the captive North pack (Packard
1980), there was a clear linear hierarchy among the
mother and her two daughters of different ages: the
mother interrupted squabbles between her daughters,
and the older sister was more likely to chase her younger

sister than vice versa. However, the relationships among
the females in the North pack were not reinforced by
constant fighting, fear, or control by the breeding fe-
male. She was the mother, and her daughters had de-
ferred to her ever since she started muzzle-biting them
when they licked-up to her chin too insistently. Logi-
cally, the conditions favoring stable relationships are
more likely to be met in small, young nuclear families
like the North pack (fig. 2.7C) than in larger, older dis-
rupted families (Packard 1989).

Although the typical wolf pack is a nuclear or ex-
tended family (Murie 1944; Mech 1970), field studies
point to much turnover in packs and populations. These
studies show that wolf populations consist of dynamic
packs that are continually forming and dissolving, with
a high annual turnover of offspring (Mech 1977b, 1987a,
1995d; Fritts and Mech 1981; Peterson, Woolington, and
Bailey 1984; Messier 1985b; Fuller 1989b; Mech et al.
1998). By 3 years of age, most wolves have dispersed from
their natal packs (see Mech and Boitani, chap. 1 in this
volume), and deaths from disease (Ballard et al. 1997),
fights with neighboring packs (Mech 1977b, 1994a; Mech
et al. 1998), and hunting by humans (see Fritts et al.,
chap. 12 in this volume) further disrupt the stability of
wolf families.

To understand the dynamics of social relationships
within natural wolf packs, it is useful to distinguish
among families with different histories (see table 2.1).
The social relationships of captive wolves have been
studied in detail in groups at five research centers and
five zoos, representing a variety of different types of so-
cial groupings. However, of thirty wolf groups studied
(92 group-years), only 34% of the groups were nuclear
or step-families, and 50% were extended or disrupted
families. L. D. Mech (personal communication) consid-
ers packs in the categories of “nuclear family” and “step-
family” to be closest to those most frequently observed
in stable wolf populations. Under the dynamic condi-
tions of a colonizing or declining wolf population, the
incidence of other types of families (e.g., “extended fam-
ily” and “disrupted family” categories) may increase.

Often, the results of initial studies are perpetuated in
popular literature, creating impressions that are diffi-
cult to dislodge. For example, observations of two dom-
inant males that apparently allowed beta males to breed
in captive packs have been repeated in several popu-
lar books (Lawrence 1993; McIntyre 1993; Savage 1988).
Breeding by a beta male occurred in two of the first stud-
ies of captive wolves. Both groups were in the category
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of “complex family”—that is, siblings without parents
(Rabb et al. 1967; Zimen 1975)—a situation rarely, if
ever, found in wild populations (Mech 1970, 1999; Mech
et al. 1998). Without the stabilizing influence of parents,
the siblings fought, and their behavior was described in
terms of competition for the social roles of “alpha,” and
“beta.” However, there is no objective way of measur-
ing a “social role” independently of the behavioral pro-
file of its occupant, so this explanation is both circular
and anthropomorphic.

Variation in Individual Temperaments

Individual behavioral profiles are a way of describing
variation in temperament, analogous to “personality” in
humans. One of the most challenging aspects of study-
ing wolf social behavior has been understanding this
variation among individuals. For example, Zimen (1975)
observed distinct changes in the personalities of two
hand-raised wolves as the result of a fight. Before the
fight, Wélfchen was confident and assertive, carrying his
tail high, challenging dogs outside the fence, and escalat-
ing conflict when challenged by his brother, Nischen.
After being injured during the fight, Wélfchen’s tail
hung low, he no longer challenged outsiders, and he
avoided conflict with Nédschen. Wolfchen assumed an
intimidated profile (high humbleness in table 2.2). In
contrast, his brother Nischen assumed the confident
profile previously typical of Wolfchen (low humble-
ness). A similar switch in behavioral profiles in the
Ellesmere pack preceded daughter Whitey’s assumption
of the pup-producing role from her mother (Mech
1999).

In a debate about the heritability of dominance in so-
cial species (Appleby 1993; Barrette 1993; Moore 1993),
three basic issues were identified: (1) which animal is
assertive (individual temperament), (2) which is as-
sertive with which (relationships), and (3) in what con-
text conflict occurs. From a stochastic perspective, the
claim is that it is not dominance, but rather the pre-
disposition of each individual to escalate or reduce con-
flict in specific social contexts, that is heritable (Appleby
1993; Barrette 1993).

From this perspective, what we call a humble mood is
associated with a low probability of conflict escalation in
a specific interaction, in contrast to a confident mood
(low humbleness), which is associated with a high prob-
ability of escalation. In wolves, it has been proposed that
each individual has the potential for self-assertion, and

that this potential is realized when a wolf becomes a
breeder (Schenkel 1947; Zimen 1981; Mech 1970, 1999).

Prior to Zimen’s (1975) work, researchers had hypoth-
esized that there were “born alphas” in each litter of wolf
pups; in other words, measurable physiological variation
within litters of pups was thought to predict later varia-
tion in their individual temperaments as adults (Folk et
al. 1970; Fox and Andrews 1973). According to this deter-
ministic model, it was logical that there would be poly-
morphism in temperaments within each litter so that
some individuals would become breeders (alpha tem-
perament) and some would cooperate in the care of
the breeders’ offspring (Rabb et al. 1967; Woolpy 1968;
Woolpy and Eckstrand 1979). However, the hypothesis
of “born alphas” has been tested and rejected for both
captive (Lockwood 1976, 1979; K. B. MacDonald 1983;
Ginsburg 1987; Schotté and Ginsburg 1987; Jenks and
Ginsburg 1987; Ginsburg and Hiestand 1992) and wild
wolves (Mech 1999).

Why isn’t a dominant individual destined to always
act dominant? According to a stochastic model, individ-
ual temperaments may change due to each individual’s
social experience (e.g., the predictability of interactions
within a family) and mood state (e.g., the activity of
neuroendocrine systems) (Packard 1980; Fentress 1982;
Packard and Mech 1983; Packard et al. 1983; Fentress
et al. 1987; McLeod et al. 1991, 1996).

Although our understanding of the neuroendocrine
basis of mood state is still incomplete (Cloninger 1986;
Overall 2001), sufficient information is available to for-
mulate theories about which behaviors are indicators of
neuroendocrine activity in canids. According to the
models outlined in table 2.2, I would hypothesize that
high serotonin is associated with the action patterns in-
terpreted as a confident profile (e.g., high posture, tail
high, ears forward) and low serotonin is associated with
an intimidated profile (e.g., low posture, tail low, ears
back). The communication function of these postures
will be described by Harrington and Asa in chapter 3 in
this volume. However, their association with serotonin-
related neural networks needs to be tested.

Neuroendocrine systems, which affect moods and
motivation, interact in complex ways (Cloninger 1986).
According to one idea, when serotonin is low, the adre-
nal system is more likely to be activated. Fight behaviors
are more likely to appear when noradrenaline-related
neural circuits are activated, and avoidance behaviors
(e.g., flight) are more likely when adrenaline-related cir-
cuits are activated (Sapolsky 2002; Watkins 1997, 11). In a
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finding consistent with this model, aggressiveness in
dogs was reduced by treatment with fluoxetine, which
inhibits the breakdown of serotonin (Dodman et al.
1996).

In captive wolves, assertiveness changes with age, re-
productive state, nutritional condition, traumatic expe-
rience (fights), and resource context (pups, mates, or
food) (Zimen 197s5; Fentress 1982; Fentress et al. 1987).
During the few field studies in which wolves have been
observable interacting for any length of time, few fights
have been seen among pack members (Murie 1944; Clark
1971; Haber 1977; Mech 1988a). Mech (1999) has been im-
pressed with the peacefulness of interactions among
pack members, at least in summer. Most serious aggres-
sion in wolves is directed at non-pack members (see
Mech and Boitani, chap. 1in this volume).

The issue of “which wolf fights” within a family is
better phrased as “which wolf is more likely to be in an
assertive versus avoidance state more often.” The per-
sonality changes that occur with age and reproductive
experience (Mech 1970; Packard et al. 1983) suggest that
the patterns described as “temperament” are a function
of the shifting internal state of an individual. Behavioral
profiles may be predictable as long as internal states are
relatively stable; however, fluctuations occur when ex-
ternal conditions or internal states change.

In his review of the literature on dominance and
stress, Gadbois (2002) clarified that researchers in the
field of human personality distinguish between tem-
perament and character. “Temperament” refers to the
aspects of personality that change little over a lifetime
and many be highly heritable. “Character” refers to the
aspects of personality that change as individuals mature
and learn styles of coping with stressful situations. I
agree that this is an important distinction that should be
considered in future studies of the individual variation
in wolves.

Several researchers have attempted to use multivari-
ate statistical techniques to determine the basic dimen-
sions of variation in personality among captive wolves
(Bekoff et al. 1975; Colmenares Gil 1979; Lockwood 1979;
Packard 1980; van Hooff and Wensing 1987; Derix 1994).
Although the variables and results differed among these
studies, all the researchers agreed on one conclusion:
both cohesive and conflictive behaviors need to be con-
sidered in describing the variation in the personalities of
individual wolves. This conclusion is consistent with the
observations of wild wolves mentioned above, which

suggested that aggressive interactions are infrequent ex-
cept during competition over food and mates.

To date, each research group studying wolves has used
different terms to define and categorize wolf action pat-
terns (Zimen 1971, 1982; Fox 1971b; Bekoff 1972, 1979a;
Goodmann and Klinghammer 1990; Derix 1994). This
diversity is appropriate, given the different questions
studied (Bekoff 1979a). However, this variation also lim-
its our ability to compare wolf temperament and its her-
itability across captive packs.

Behavioral indicators of social stress are the subject of
one of the unsettled debates about conflictive and cohe-
sive behaviors in wolves (Schenkel 1967; Packard 1980;
Zimen 1982; Fentress et al. 1987; McLeod et al. 1996;
Haber 1996; Moger et al. 1998; Gadbois 2002). Schenkel
(1967) pointed out that inexperienced observers tend
to interpret an “over-the-muzzle-bite” as adult aggres-
sion, stressful for the pup that receives it. However, he
interpreted this behavior differently, because pups do
not avoid an adult after muzzle-biting. They come back
for more, indicating a cohesive function for the behav-
ior. Indeed, the pups’ behavior seems to solicit more
interaction. Schenkel (1947, 1967) noted that such juve-
nile behavior persists into adulthood, when grown off-
spring continue solicitous behaviors that elicit muzzle-
biting or pinning in such a manner that they acquire a
new function of appeasement (i.e., conflict reduction).
Based on his field observations, Mech (1999) agreed with
Schenkel’s interpretation of these behaviors as non-
stressful conflict within the context of cohesive relation-
ships within a social group. However, determination of
stress without an independent physiological measure
such as urinary metabolites is problematic (Creel 2001;
Creel et al. 1997, 2002).

Thus, the social environment within a wolf pack may
at first persist as a stable, predictable set of relationships.
However, two main dynamic factors can eventually af-
fect the relationships among relatives: competition for
food and sexual tensions resulting from maturation of
offspring. To better understand cohesion and conflict
within wolf packs, it helps to look separately at each of
these contexts in which conflict occurs.

Conflict within Packs

Are subordinate wolves stressed? Although extreme cases
of individuals with elevated aggressiveness and stress
hormones (urinary cortisol) have been reported for cap-
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tive packs (McLeod et al. 1991; Moger et al. 1998; Gadbois
2002), researchers are only beginning to explore this
question in wild populations (Creel 2001; Creel et al.
2002). Clearly not all wolves in each pack have equal ac-
cess to food and mates. Studies of conflict over food will
be reviewed below, followed by a discussion of conflict
over mates and the apparent “incest taboo.”

Access to Food within Packs

As Mech (1988a) watched the Ellesmere pack feed from a
newly killed muskox carcass, the yearlings approached
their father with highly exaggerated movements, curling
their bodies dramatically, lowering their ears, and paw-
ing widely into the air in a “groveling” manner (National
Geographic Explorer 1988). Although the carcass poten-
tially provided enough food for all, the breeding pair in-
timidated their offspring. They limited access to the
meat until they had gorged enough to feed their pups
and had torn off enough chunks to cache and eat at a dis-
tance in relative peace.

Without the exaggerated groveling, I have seen simi-
lar behavior in captive wolves feeding on a deer carcass
(see fig. 2.2B). In the North pack, two adult daughters
approached their father in a low crouch, and he pinned
each to the ground with an inhibited muzzle-bite typical
of a care-giver interrupting begging pups. The grown
daughters stayed away from the carcass until their father
was finished. In this nuclear family, order of feeding at
the carcass was correlated with appeasement, not con-
flict, behaviors (Packard 1980, 163). Appeasement ges-
tures reduce the probability of escalation of conflict after
it has started.

In the captive South pack (a disrupted family), I
watched two 6-month-old juveniles approach their fos-
ter father while he was feeding from a deer carcass.
When he snarled at them, they lay down and looked the
other way until he returned to chewing on the carcass
(fig. 2.8). Not completely intimidated, the juveniles crept
closer while the male was feeding and eventually fed be-
side him without conflict. In this family, in contrast to
the North pack, the order of feeding at the carcass was
correlated with conflict interactions, not with appease-
ment (Packard 1980, 163). Apparently the juveniles had
not yet learned to use ritualized appeasing gestures, as
their small size conveyed little threat to their foster fa-
ther. The most easily intimidated were two older sisters,
who also had the lowest blood indicators of nutritional
condition (blood urea nitrogen and hemoglobin).

FIGURE 2.8. Juveniles that behave solicitously, like pups, are more
likely to gain access to food defended by adults, which may affect
their nutritional condition and dispersal during times of food
scarcity.

Thus, elements of both cohesion and conflict can
be associated with interactions around a carcass large
enough to be shared by family members. The individu-
als least likely to be intimidated (i.e., most likely to act
like pups) are the ones most likely to gain access to the
carcass. The “appeasement” gestures derived from juve-
nile care-soliciting behavior provide clear signals that a
younger individual is unlikely to escalate conflict, and
elicit care-giving tolerance from other family members.
Those individuals most likely to be intimidated in the
context of food are the older siblings in poorer nutri-
tional condition, which show fewer cohesive interac-
tions with parents and more conflict with siblings.

Appeasement gestures reduce conflict only within re-
lationships in which interactions have been patterned by
repeated food solicitation and delivery (Schenkel 1967).
Individuals in such cohesive relationships have been able
to learn the contingencies of one another’s actions and
to modify their own behavior accordingly. In contrast,
fighting between a confident wolf and an intimidated in-
dividual (e.g., siblings or strangers) involves jockeying
for position to bite without being bitten (Schenkel 1967;
Golani and Moran 1983; Mech 1993a).

By 2 months of age, pups in the Ellesmere pack had
learned complex tactics for defending and acquiring
pieces of arctic hare carcasses (Packard et al. 1992). The
hare carcasses were small enough (about 1-3 kg, or 2.2—
6.6 pounds) that one pup could initially monopolize the
meat, while siblings waited and watched for an oppor-
tunity to grab a piece beyond lunging distance of the
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owner. Several researchers have noted that the wolf in
possession of a food object is more likely to escalate
conflict than an onlooker, even if the onlooker is big-
ger, older, or more assertive in other contexts (Mech
1970, 1999; Lockwood 1979; Zimen 1981; Townsend 1996).
Likewise, it is very difficult to teach a hand-reared wolf
to give up a bone or refrain from stealing steaks off the
table!

According to a deterministic perspective, parents de-
fend their right to monopolize food in order to continue
producing pups, for which their immature older off-
spring will help care (Harrington and Mech 1982¢, 1983).
However, it is unclear whether alloparenting is a help or
a hindrance to breeding wolves (Harrington and Mech
1982¢; Harrington et al. 1983; Ballard, Ayres, Gardner,
and Foster 1991). Indeed, its proximate costs and benefits
are likely to vary with the wolf-prey dynamics of each
population (Harrington et al. 1983; Mech et al. 1998).

A stochastic perspective would posit that if the physi-
cal environment is harsh, then strategies involving food
sharing among relatives, high variation in rates of matu-
ration, and a low probability of dispersal are likely to
become fixed in mammalian populations (Honeycutt
1992; Lacey and Sherman 1997). Wolves certainly show a
high degree of variation in rates of sexual maturation
(see Kreeger, chap. 7 in this volume). Furthermore, food
sharing in wolves appears to be conditional, varying with
complex interactions among prey availability, matu-
ration rates, and social conditions (Packard and Mech
1983; Ballard et al. 1997; Mech et al. 1998). Because of
varying food conditions, the proportion of offspring dis-
persing also varies (see Mech and Boitani, chap. 1in this
volume), reflecting the dynamic competitive milieu.

When food is scarce, breeders may selfishly main-
tain their own nutritional condition at the expense of
other family members, especially non-pups. Competi-
tion among siblings escalates in the context of food, un-
til those that are more intimidated follow at a distance,
dropping farther behind as they become more malnour-
ished. Eventually they disperse (Mech et al. 1998).

Access to Mates

What about conflict in the context of mating? While off-
spring remain with their parents, there is no issue of sex-
ual rivalry as long as the offspring are reproductively
immature or defer to their parents (Packard et al. 1983,
1985). However, sexual rivalry can occur when offspring
remain in the pack past the age of reproductive maturity

(Derix et al. 1993). In most packs, dispersal relieves this
competition (see Mech and Boitani, chap. 1 in this vol-
ume). However, in larger packs enjoying a surfeit of
food, as in the reintroduced Yellowstone population,
sexual competition may occur among reproductively
mature siblings (D. W. Smith, unpublished data).

Exclusive breeding by the dominant pair in a large
nuclear family (e.g., having more than one mature mem-
ber of each sex) apparently results from a delicate bal-
ance of asymmetric mate choice and same-sex rivalry
(Packard et al. 1983, 1985; Schotté and Ginsburg 1987;
Packard 1989). Monogamous relationships are likely in
nuclear families only as long as (1) offspring are not re-
productively mature, (2) the breeders are more attracted
to each other than to their offspring, and (3) courtship
between sibs is interrupted.

If these conditions are not met, plural breeding may
occur (e.g., more than one female may reproduce within
a pack in a given season). The term “plural breeding” is
used by researchers studying cooperative breeding in
other mammals (Solomon and French 1997) and is syn-
onymous with the term “multiple breeding” used by
Mech and Boitani in chapter 1 and elsewhere in this vol-
ume. A possible example of the apparent release of plu-
ral breeding was observed in the West pack on Isle
Royale. Only one pair in the pack was reproductive un-
til the breeding male disappeared prior to the breeding
season in 1971 (Peterson 1977). When the breeding fe-
male accepted a mate from within the family, a second
pair also successfully copulated (Peterson 1977, 80 —84).
In 1972, a subordinate female copulated with the West
pack dominant male. Even though the subordinate was
twice chased off the island by the dominant female and
her companions, she returned each time (Peterson 1979).
These observations illustrate the interaction of cohesion
and conflict in determining the proportion of monoga-
mous relationships in wolf populations.

Polygamous relationships have been reported in a few
wolf step-families in which one of the breeding pair has
died and a new breeder has immigrated into the pack
(Haber 1977; Smith 1997, 2000), although polygamy was
not reported in several other step-families (Rothman
and Mech 1979; Fritts and Mech 1981; Mech and Hertel
1983). When a widowed breeder accepts an unrelated
mate, the new step-parent may be less likely to interrupt
rivals and more likely to be attracted to younger pack
members in addition to the widowed breeder.

Occasionally, a cohesive relationship may persist be-
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tween two adult males even though the less assertive
individual appears to be more reproductively active
(Murie 1944; Rabb et al. 1967; Haber 1977). In such cases,
the assumption has been made that the more reproduc-
tively active wolf was the breeder, although the actual
paternity of offspring is difficult to assess without ge-
netic testing.

As indicated above, the proportion of monogamous
packs (i.e., only one pair breeding per season) in the wild
is high (Harrington et al. 1982). In captive packs in which
more than one mature female was present and no dis-
persal was possible, plural breeding occurred in 30% of
fifteen pack-years (Packard 1980). However, multiple lit-
ters were successfully raised in only 13% of these fifteen
cases (Packard 1980); the losses were due to infanticide
by females (Altmann 1974, 1987). Infanticide was also re-
ported by McLeod (1990).

In captive wolves, mate choice may be influenced by
sexual rivalry (Derix et al. 1993). For example, I was puz-
zled by the unsuccessful attempts of the North pack fe-
male, Chenequa (F60), to solicit sexual interest from an
older brother, Negaunee (M64), after their father died.
She stood near her brother, pranced coyly, rested her
chin on his back, flagged her tail near him, and marked
near his urine without eliciting a response. Why was Ne-
gaunee unresponsive to such a solicitous female? Often
his older brother was looking over his shoulder (fig. 2.9)!
Subsequently, Negaunee and Chenequa copulated dur-
ing the night, when their older brother was sleeping.
When the brother awoke and found his siblings in a
copulatory tie, he rushed over and lunged at them. Big
brother was too late, however. One tie was enough, and
9 weeks later, Chenequa produced pups in the same den
as her mother.

Incest Avoidance

Is incest common in wolf packs? Incest is not common
in wild wolves when they can choose mates other than
close relatives (D. Smith et al. 1997). Packard (1980) hy-
pothesized that close relatives in natural populations
would be unlikely to form a pair bond that endured
longer than a season or two. Genetic studies tend to con-
firm this hypothesis; in Denali National Park and the
Superior National Forest of Minnesota, breeders are
more distantly related to each other than neighboring
packs are to one another (D. Smith et al. 1997). However,
on Isle Royale, where there is no choice, wolves do breed
with their close relatives (Wayne et al. 1991). During re-

FIGURE 2.9. Although a young male is being courted by his sister
(on the left), he is unlikely to reciprocate as long as his older brother
(on the right) is looking over his shoulder.

colonization of the Rocky Mountains, extensive disper-
sal should tend to reduce the probability of inbreeding
(Boyd and Pletscher 1999; Forbes and Boyd 1996).

Does conflict in the context of courtship in wolves
(Derix et al. 1993) serve a function analogous to that of
parental manipulation in eusocial species (Lacey and
Sherman 1997)? Currently, there is no evidence that non-
breeding adult wolves are physiologically suppressed,
even under extreme conditions in which there is no op-
tion for dispersal (e.g., in captive packs) (Packard et al.
1985). In the captive North and South packs I studied,
the nonreproductive adults all showed hormonal cycles
typical of individuals that had reproduced. Thus, they
retained the physiological readiness to breed (Packard
et al. 1983, 1985), unlike African wild dogs (Creel et al.
1997). Although urinary indicators of stress may vary
with aggressiveness (Gadbois 2002; McLeod et al. 1996),
they may not be correlated with reproductive status.

Most nonbreeding adults within wild packs are
merely in a transitory nonreproductive state (Mech et al.
1998). They may move into a breeding position within
the natal pack if an opposite-sex parent dies and is re-
placed by a step-parent, they may disperse and start a
new family, or they may enter a disrupted family as a
step-parent (Rothman and Mech 1979; Fritts and Mech
1981; Mech and Hertel 1983; Packard and Mech 1983;
Ballard et al. 1987; Mech et al. 1998). Similarly, senescent
breeders that have lost a mate may continue to associ-
ate with the pack in a nonreproductive role (Mech 1995d;
Thurston 2002). The probability of transition between
these social roles will depend not only on the develop-
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mental history of each individual (possibly slowed by
poor nutrition), but also on the dynamics of prey avail-
ability (Mech et al. 1998).

In summary, parents are more likely to escalate, and
offspring to reduce, conflict in the usual nuclear family
pack. In disrupted families, step-families, and complex
packs with multiple breeders, the outcome of conflict
for food and mates is more difficult to predict, as it de-
pends on a complicated interaction of intrinsic (nutri-
tional condition, reproductive state, temperament, rela-
tionship, relative attractiveness of potential mates) and
extrinsic factors (prey and mate availability).

Leadership

Mech (1970, 73) defined leadership as “the behavior
of one wolf that obviously controls, governs, or directs
the behavior of several others.” The first pack that he
watched on Isle Royale contained a dynamic male who
was consistently out in front of his family (Mech 1966b).
Mech (1977¢, 530) concluded that “the male leader
guides the activities of the pack and initiates attacks
against trespassers. Pack underlings can, however,
sometimes effectively protest their leader’s actions.” Zi-
men (1981, 173) agreed that leadership in wolf packs is a
“qualified democracy.” This conclusion accords with a
deterministic perspective.

The degree of authority the dominant male has over
the pack has been disputed, however. Based on observa-
tions of a captive pack, Fox (1980, 128) asserted that there
is “an alpha male who not only rules over the males but
is the leader of the pack. He is the decision-maker. Other
wolves, even older ones, respond to him submissively
and affectionately as would cubs to their parents. Alle-
giance to the leader helps keep the pack together.” Nev-
ertheless, as Zimen (1981, 173) wrote, “no member de-
cides alone when an activity is to begin or end, or which
way or at what speed the pack is to move, or exercises
sole power of command in any other activities that are
vital to the cohesion of the pack. The autocratic leading
wolf does not exist.”

So, is the breeding male the leader of a wolf pack or
not? Mech (2000a) has emphasized the concept of one-
way, autocratic control by both parents in each family,
consistent with the deterministic perspective. Taking a
stochastic perspective, I like to emphasize the probabil-
ity that parents influence offspring, but offspring also
influence their parents. Wolf families can be so diverse

(see Mech and Boitani, chap. 1in this volume) that both
models probably have merit, depending on how the
term “control” is defined and on the history of relation-
ships within the pack.

Similar questions about leadership have been ad-
dressed by students of primates, and Rowell (1974) has
suggested that researchers test the following hypotheses:
(1) that one individual receives attention at each activity
change, (2) that one individual is consistently in front of
a line during directional movement, (3) that one indi-
vidual defends the group, and (4) that the actions of oth-
ers are policed by one individual.

Let us first examine the hypotheses that breeding
male wolves are more likely to be the “attention center”
and “at the front of the line.” The notion that the breed-
ing male is the center of the pack’s attention may be
traced back to Schenkel’s (1947) description of behav-
ioral expression in the two wolf packs he watched at the
Zurich Zoo. He described the breeding pair as the center
of attention for family members and the breeding male
as the lead wolf. However, he was not able to document
leadership during directional movement as it is observed
in the field when wolves travel single file.

On a similar theme, Murie (1944, 28) enlivened his
account of the East Fork pack in Denali National Park by
describing a certain male as “lord and master of the
group although he was not mated to any of the females.”
What he meant by “lord and master” is not clear, and he
could not have known whose mate the male was. How-
ever, in his description of the interactions within the
family, Murie gave the impression that the center of at-
tention shifted among several individuals as they de-
parted from and arrived at the den.

The “attention center” hypothesis has not been tested
systematically for wolves in captive or field studies.
Lockwood (1979) proposed that it might be a better
model than a “dominance hierarchy” to describe the so-
cial interactions among wolves. However, the two mea-
sures of attention that he used (social proximity and
looking across a barrier) did not account for the varia-
tion in social structure that he measured in seven captive
packs over 3 years. Lockwood recommended that rela-
tions among wolves be analyzed in terms of dyads (e.g.,
which wolflooks at which more often?). In the few places
where one can watch wolves in the field, it would be fea-
sible to note the direction in which pack members look
during a change in activity state (e.g., from resting to
traveling). Although I know of no field studies in which
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such data have been collected, future research should fo-
cus on testing the attention center hypothesis regarding
leadership in wolves.

The object of an individual’s attention is likely to
change with its mood (i.e., its internal state). When an
individual’s prolactin level is high, for example, pups
should be the center of its attention. When a female is in
estrus, she is likely to receive the attention of males.
Thus, without knowledge of internal state and external
stimuli, researchers are unlikely to be able to test how
the center of attention shifts in a wolf pack.

Offspring are clearly more likely to follow their par-
ents than vice versa (Mech 2000a). This pattern is con-
sistent with the following response that develops in
2-month-old pups (Packard et al. 1992) and is reinforced
in juveniles that gain access to food by following adults
during their first year (Mech 1966b; Haber 1977; Peterson
1977; Mech et al. 1998).

Are breeding males more likely to be at the head of
the line during travel? Generally, yes (Mech 1966b; Mech
2000a), except during the courtship season, when the
breeding female is usually followed by her mate (Mech
1966b; Peterson 1977). Even when younger pack mem-
bers forge ahead of a breeder (Murie 1944; Haber 1977;
Mech 2000a), they appear uncertain about direction and
take their cues from the breeders (Mech 1966b; Peterson
1977).

The Ellesmere breeding female followed Left Shoul-
der on 76% of twenty-nine occasions when departing
from the den and on 67% of seventy occasions when the
wolves were already traveling (Mech 2000a). In 1993,
when no pups were present, and three yearlings begged
more often from Left Shoulder than from the breeding
female, the female followed Left Shoulder significantly
more often than vice versa. Apparently Left Shoulder
was a good source of information about the location of
food. In 1996, when no yearlings were present, there was
no difference between Left Shoulder and his mate in
their order of travel (Mech 2000a).

Leadership during travel was studied in three Yellow-
stone packs during early and late winter sampling peri-
ods from 1997 to 1999 (Peterson et al. 2002). The factors
influencing leadership included the pack, the season,
and the type of measure used (frequency or duration). In
March, breeding males were significantly more likely
than their pregnant mates to be in the lead in the Rose
Creek and Druid packs, but not in the Leopold pack. In
November/December, there was no significant differ-

ence between the breeding male and female in their
frequency of being in front. The Rose Creek pack, how-
ever, came very close to showing a significant difference
(P = .056), with the male leading. Compared with non-
breeders, the breeders were more likely to be in front in
the two smaller packs (Leopold and Druid), but not in
the larger Rose Creek pack. These data were collected
during a period of social transition for breeding females
in the Druid and Rose Creek packs.

In nuclear families, the breeders are the most likely to
trot directly and confidently toward a goal, to be so-
licited by hungry juveniles, and to be followed by family
members. However, variations on this theme would be
predicted in step-families or extended families. Con-
sider a pack that accepts an immigrant step-father who is
less familiar than the rest of the pack with the activity
and movements of prey within the home range. The sto-
chastic model predicts that pack members would be
likely to continue to follow the experienced breeding fe-
male more often than the inexperienced step-father (at
least until he became a predictable source of food). This
pattern was documented in the Druid pack when they
accepted an immigrant male from the neighboring Rose
Creek pack (Peterson et al. 2002). Likewise, if the move-
ments of a brother became a better predictor of food
than the movements of an aging father, then one would
predict that the younger male would attract more fol-
lowers than the older male.

Conflict between Packs

As Rolf Peterson (1977) watched from an airplane over
Isle Royale, the East pack encountered a scent post. First
the breeders investigated the urine odor, then the
younger pack members checked it. The breeding female
reversed her direction and led the pack out of the edge of
its territory and back toward the center. The scent was
from the pack’s neighbors, the West pack.

The West pack’s range had covered the entire island
until two changes occurred: (1) the pack’s original breed-
ing male died, and (2) their major prey (moose) became
localized to the western end of the island (Wolfe and
Allen 1973; Peterson 1977). A pair had then split from the
West pack, found an eastern area where they could sub-
sist on beavers during the summer, and produced pups
of their own, becoming the East pack.

The reaction of the East pack breeders to the West
pack’s scent was predictable, given that direct encounters
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during territorial trespasses escalate rapidly, resulting
in chases, injury, and death (Murie 1944; Mech 1966b,
19932, 1994a; Marhenke 1971). Fights probably escalate
most rapidly between breeders of the same sex. Are male
wolves more likely than females to lead the pack against
hostile neighbors? Unfortunately, few territorial en-
counters have actually been witnessed (Mech 1993a), but
breeders and immatures of both sexes have been killed
during territorial trespasses (Mech et al. 1998).

The conflict between packs is probably related to
competition for food and mates. In contrast to conflicts
within packs, which are inhibited by cohesive family re-
lationships, fights between packs are likely to be injuri-
ous. Mortality due to conflict with hostile neighbors
varies among wolf populations (see Mech and Boitani,
chap. 1in this volume).

Flexibility of Behavior: Physical Factors

Wolves can adjust to a wide range of physical factors in
addition to the variation in social factors described in the
previous section. This flexibility of behavior is illustrated
in studies of activity patterns and intelligent problem
solving.

Activity Patterns

How does one’s dog know it is about 3:30 p.M. each day,
such that he barks at his food bowl if he is not fed as
usual by 4:002 The ability of wolves to learn predictable
correlations among prey activity, temperature, and light
intensity is not surprising to anyone who has watched
a captive canid develop expectations of feeding time.
When predictive cues fluctuate with season and weather,
canids are flexible enough to learn new patterns and to
adjust their activity accordingly. It takes my dog about a
week to adjust to going off daylight savings time. The ac-
tivity patterns of wolves can shift to adjust to changes
in predictable patterns of temperature (Harrington
and Mech 1982c¢; Fancy and Ballard 1995), prey activity
(Oosenbrug and Carbyn 1982; Scott and Shackleton
1982; Fuller 1991; Theuerkauf et al. 2003), probability of
encountering humans (Boitani 1986; Vila et al. 1995),
presence of a carcass (Harrington and Mech 1982¢; Bal-
lard, Ayres, Gardner, and Foster 1991; Mech and Merrill
1998), and reproductive season (Harrington and Mech
1982b,¢; Ballard, Ayres, Gardner, and Foster 1991; Vila et

al. 1995).

Do wolves have an innate circadian rhythm? Mech
and Merrill (1998) found that summer departures from
the Ellesmere den occurred at predictable times (be-
tween 2200 and 0400). They proposed that this depar-
ture pattern was due to an internal rhythm because
external triggers such as daybreak and nightfall were ab-
sent in summer at 80° N latitude. They cited supporting
evidence from four denning studies in Alaska and Can-
ada at latitudes ranging from 46° to 64° N (Kolenosky
and Johnston 1967; Haber 1977; Scott and Shackleton
1982; Ballard, Ayres, Gardner, and Foster 1991). How-
ever, Mech and Merrill were not able to test alternative
hypotheses related to several covariates (e.g., light inten-
sity, temperature, food availability, and human activity).
Variation in activity peaks has been reported from four
other studies at latitudes also ranging from 42° to 64° N
(Murie 1944; Harrington and Mech 1982¢; Vila et al. 1995;
Theuerkauf et al. 2003).

In northwestern Alaska, the activity of twenty-three
wolves (monitored continuously by satellite telemetry)
was correlated with temperature in all seasons (Fancy
and Ballard 1995). During summer, activity peaks oc-
curred at 0600 and 2200. Activity was more likely in the
morning than in the afternoon during summer, but oc-
curred at a lower rate throughout the day in winter than
in summer. On winter days in the Superior National
Forest, wolves were more likely to be inactive (65% of
the time) than traveling (28%) or engaged in activi-
ties such as feeding or socializing (Mech 1992). In sum-
mer, lower activity levels during midday may have been
due to heat intolerance (Harrington and Mech 1982c).
Whether such seasonal shifts in activity patterns are due
to the wolves’ own intolerance of heat or the activity pat-
terns of their prey is hard to determine (Oosenbrug and
Carbyn 1982; Scott and Shackleton 1982; Fuller 1991; Je-
drzejewski et al. 2001).

In Spain, the time of day when two females were most
active changed with the age of their pups (Vila et al.
1995). During lactation, these females were most active
during daylight, although their total activity was low
(15%). When their pups were 2—5 months old, the fe-
males were more active at night, like their mates. During
winter, the females’ activity increased to 24% of the time
and was relatively more evenly distributed across day-
light (12%), dusk (18%), night (35%), and dawn (32%)
(see also Theuerkauf et al. 2003).

Activity patterns also vary in captive packs. In one
pack, daylight activity peaked in the morning and eve-
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ning (MacDonald 1980). Morning activity associated
with a cleaning routine was greater in a zoo enclosure
than in a secluded naturalistic enclosure in Mexico
(Bernal and Packard 1997). The overall amount of activ-
ity did not differ between wolves housed in outdoor
chain-link kennels and in large (0.3—0.5 hectare) enclo-
sures with natural vegetation in Minnesota (Kreeger,
Pereira et al. 1996).

The seasonality of courtship and reproduction may
also influence wolf activity patterns. The frequency of
overall interactions and of aggression peaked during
winter in several captive packs (Zimen 1981; Fentress
etal. 1987; Servin-Martinez 1991). The occurrence of such
peaks during autumn in another captive pack may have
been specific to the instability of the relationship be-
tween an aging father and a maturing son (Packard 1989).

Thus, wolves develop predictable activity patterns,
which may vary across seasons, locations, and individu-
als. Insufficient evidence is available to tease apart the ef-
fects of correlated external variables such as light inten-
sity, temperature, and prey activity. If wolves are like
other carnivores, we would expect the variation in their
activity patterns to be a complex function of (1) daily in-
ternal cycles, (2) seasonal shifts in external stimuli from
the physical environment (e.g., temperature, light, prey
activity, human activity), (3) variation in the internal
states of individuals (e.g., nutritional condition, repro-
ductive phase), and (4) expectations of the actions of
companions.

Learning and Intelligence

Why are wolves— or their domesticated descendants,
dogs—so intelligent? Or are they? How do they learn
to respond appropriately to changes in predictable pat-
terns within their physical environment? To what extent
does the social environment of the pack assist young
wolves in learning what to expect from their physical
environment?

Intelligence is the ability to apply knowledge gained
from experience to novel problems (Byrne 1995). For ex-
ample, a captive wolf learned to open his cage door by
pulling a pulley rope that his caretakers had used pre-
dictably (Fox 1971d). From a human perspective, the
“novel” problem for the wolf was how to open the cage
door, obviously a challenge not encountered in the his-
tory of the species. By watching his caretakers, the wolf
could have learned to associate the rope with the open-

ing of the cage door. Grabbing and pulling on the rope
could be considered intelligent behavior because it
opened the door. However, wolves also grab and pull on
the noses, ears, and tails of exhausted prey (see Mech
and Peterson, chap. 5 in this volume). To what extent was
insight involved in this seemingly intelligent action, and
to what extent was it motivated by reflex-like actions
typical of all members of the species? Is learning any
less intelligent if it is guided by programmed stimulus-
response linkages shaped by problems solved in the his-
tory of generations of ancestors?

Questions related to wolf intelligence have been ad-
dressed in studies of (1) standardized problem-solving
tasks in captivity (Cheney 1982; Frank and Frank 1984,
1985; Frank et al. 1989; Hiestand 1989; Hare et al. 2002),
(2) the development of flexible hunting skills (Sullivan
1979; Crisler 1958; Mech 1988a, 1991b), (3) the modifi-
cation of behavior contingent on the actions of social
companions (Schenkel 1947; Moran and Fentress 1979;
Moran et al. 1981; Lyons et al. 1982; Golani and Moran
1983; Havkin and Fentress 1985; Townsend 1996; McLeod
and Fentress 1997), and (4) anecdotes in which wolves
have solved unusual problems (Fox 1971d; Slade 1983;
Fentress 1992; Ginsburg and Hiestand 1992; Mech 1999).

A standard approach to assessing wolf intelligence is
to compare it with dog intelligence. Frank and Frank
(1987) found that four juvenile wolves were better at
standardized problem-solving tasks than were juvenile
dogs raised in the same manner (cross-fostering to a
wolf mother). As they had predicted based on models of
canid domestication (Scott and Fuller 1965; Scott 1967;
Frank and Frank 1987), the dogs were better at tasks that
involved training by a human (Frank and Frank 1982;
Frank et al. 1986, 1989). However, the wolves responded
to the restraint of a leash or a box in an emotional way
that seemed to interfere with their performance of the
standardized tasks (Frank and Frank 1983). Was this
really a fair test? Or did the physical restraint trigger
an emotional response that has become neurally pro-
grammed in wolves? Does this neural programming
exist because wolf ancestors that struggled against re-
straint (when grabbed by a bear or other predator, for
example) were more likely to have survived than those
that did not?

Addressing such questions about the interaction of
emotional and learning systems in canid evolution, Hie-
stand (1989) tested spatial orientation in nine hand-
reared wolves (Frank et al. 1986) and forty adult German
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shepherds using ropes hanging from a ceiling. She did
not use restraint; rather, she called out “good” when the
individual pulled the correct rope. She opened a gate
and/or petted the individual lavishly when it learned to
pull two or three ropes in a pre-established order. She
was gruff with or ignored individuals that did not behave
correctly. Apparently, social interaction with a human
caretaker was as effective a reward in training wolves
as it is for dogs (Frank and Frank 1988; Hiestand 1989).
The two adult wolves had little difficulty learning the
three-rope task. The seven juveniles learned the two-
rope task, but had more difficulty with the three-rope
task. The adult dogs showed high individual variation:
12% learned the three-rope task, 35% learned the two-
rope task, and 13% failed to learn to pull even one rope.

The wolves acted differently from the dogs when
initially placed in the testing arena: they spontaneously
oriented to physical objects in their environment and
learned the one-rope task in significantly fewer trials
than the dogs (Hiestand 1989). The wolves also irrepara-
bly shredded more ropes than the dogs! Hiestand hy-
pothesized that wolves are more attentive to physical
objects in their environment than are dogs, as noted
anecdotally by others (Fentress 1967, 1992; MacDonald
1980; Zimen 1981).

The wolves behaved as if they had both the neuroen-
docrine programming that attracted them to situations
in which they were likely to learn and the attentiveness
to social companions that shaped their behavior in ways
that were effective in attaining their immediate goals.
However, wolves also show high individual variation in
learning ability in captivity (Sullivan 1979; Cheney 1982;
Lyons et al. 1982; Slade 1983; Hiestand 1989). Hypotheses
about heritable differences in emotional and learning
systems still need to be tested with sample sizes adequate
to account for individual variation in different rearing
environments.

Claims that dogs are more skillful than wolves at
reading human gestures must be evaluated critically.
Hare et al. (2002) documented differences between
wolves and dogs in a series of object-choice tests. The
seven adult wolves less often used human gestures (gaz-
ing, pointing, and tapping) correctly to choose between
two overturned food bowls, one baited out of view of the
subjects. The subjects were tested in locations familiar to
each, a small pen for the wolves and rooms for the dogs.

The degree to which such findings can be generalized
is questionable for several reasons. First, the dogs were

raised and housed continuously with humans in several
households, whereas the wolves were raised with hu-
mans for 1.5 to 5 weeks, then housed outside with a wolf
pack that had daily short-term contact with the experi-
menter (see supporting online material linked to Hare et
al. 2002). No details were given about whether wolves
and dogs had equal experience with humans deliver-
ing food in bowls. Second, the mean age of the wolves
(6 years) was greater than that of the dogs (3.5 years), and
age is important in the development of social cognition,
at least in primates (Tomasello et al. 2001). Third, with
such a small sample, a set of clever dogs or dull wolves
may unintentionally have been used. Individual varia-
tion in how dogs and wolves respond to standard cogni-
tive tests is high (Frank and Frank 1988; Hiestand 1989).
Fourth, wolves respond to mechanical devices differ-
ently from dogs (Zimen 1981; Cheney 1982), as noted
above. This fact accords with the observation (Hare et al.
2002) that wolf performance did not differ from that of
dogs in a test involving food in a film canister in the ex-
perimenter’s hands. Last, the use of standard cognitive
tests across species can be problematic (Shumaker and
Swartz 2002).

What are the indicators of learning and intelligence in
wild wolves? Peters (1978, 1979) proposed that wolves
learn to navigate in familiar landscapes by forming
learned associations analogous to a cognitive map. How-
ever, because wolves are in no way unique in this ability
(Tolman 1955; Hauser 2000; Santin et al. 2000), it is ques-
tionable whether the use of cognitive maps distinguishes
wolf intelligence from that of any other mammal.

The wolf’s diversity in hunting skills across a wide
range of ecosystems (see Mech and Peterson, chap. 5 in
this volume) could also be considered an indicator of
flexible problem solving. Both spatial orientation and
flexible hunting skills develop within the social envi-
ronment of the pack, potentially providing a window of
opportunity for individuals to learn about the specific
physical environment in which they were born.

The social context of the pack has the potential to af-
fect learning by pups in several ways. For example, in an
episode of chasing play, I watched one pup “cut the cor-
ner” and grab a sibling that had evaded his chaser by
making a sharp right turn. Later, such maneuvers were
repeated, reminding me of a filmed hunting episode in
which one wolf cut the corner and was able to grab a
caribou that had evaded another wolf (Peace River Films
1975). The precursors to such combinations of actions in
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the caribou hunt could have been learned during the
play routines of pups.

Another question that often arises in studies of in-
telligent behavior is the degree to which individuals
modify their own actions contingent on the actions of
others (McLeod 1987, 1996; McLeod and Fentress 1997).
For example, adults in one captive pack were less likely
to cache food when another wolf was present, consis-
tent with predictions based on a model of deceptive
communication (i.e., individuals withheld information
about a food source when the goal was to keep the food
for themselves) (Townsend 1996). However, 71% of the
caches made in the same study were recovered by wolves
other than those that made them, and 43% of these re-
coveries occurred in the presence of the cacher without
retaliation. Much more study needs to be done on this
subject.

The ability of wolves to solve novel problems often
appears to draw on both instinct and experience. Left
Shoulder was presented with a novel problem one day in
1988 when a muskox wandered near his pack’s den,
which was at the base of a cliff. The nursing female ini-
tially rushed over to the intruder, then gradually lost in-
terest and lay down out of sight. Alarmed by the wolves,
the muskox backed up to the cliff in a typical defensive
maneuver also observed by Mech (2000a). The muskox
stood directly in front of the den entrance, while the
pups were a hundred meters away from the security of
the den!

First, Left Shoulder picked up an abandoned arctic
hare carcass and delivered it to the pups, capturing their
attention for a short period. However, the satiated pups
rapidly lost interest and started wandering. Left Shoul-
der trotted directly across a stream to a sandy bluff, dug

out a cache (at least 8 days old), and delivered it to the
pups. The cache held the interest of the pups, and they
stayed away from the den. With no wolves nearby, the
muskox relaxed and wandered away from the den en-
trance. Left Shoulder’s “problem” was solved. To what
extent was his action insightful?

In a similar episode in which another muskox as-
sumed a defensive position in front of the Ellesmere den,
Mech (2000a) believed that Whitey behaved in an in-
sightful manner by bark-howling and directing yearlings
to a position off to the side so that the muskox could es-
cape. From a deterministic perspective, wolves need to
be insightful in order to cooperate in capturing prey and
in defending the pack against enemies (Fox 1975, 1980;
Haber 1996). However, the extent to which groups of
wolves actually do cooperate in hunting has been ques-
tioned (Schmidt and Mech 1997; see Mech and Boitani,
chap. 1 in this volume).

From a stochastic perspective, the ability of wolves to
solve problems under a wide set of circumstances may be
explained by basic learning processes shared by all
mammals (Frank et al. 1989; Fentress 1992): (1) innate,
simple decision rules that govern general learning situa-
tions encountered in the evolutionary history of the spe-
cies, (2) the ability to learn specific predictable conse-
quences of their actions (operant conditioning), (3) the
ability to associate diverse sets of cues (e.g., smell, sound,
and taste of a prey item) with specific predictable situa-
tions (associative learning), and (4) emotional thresh-
olds associated with the social context of learning and re-
sponse to novelty (affective state). At issue is the degree
to which intelligent behavior in wolves reflects ancestral
knowledge stored in the genome and the degree to which
individual experience results in novel insight.
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Overlooking Rookie Lake, Superior National Forest, Min-
nesota, U.S.A. 21 February 1974. Weather—cold, clear, and
calm. I howled several times from a cliff overlooking the
lake; a single wolf replied once from the northeast. Seconds
later, a more distant pack howled from the west. When I
howled again 20 minutes later, only the pack answered. Was
the single wolf with the pack, or just keeping quiet?

Ten minutes later I got my answer when the single re-
plied again from much closer. Ten minutes later it again re-
plied. The pack remained silent. The single wolf’s howls
were beautifully modulated, long and haunting sounds. An
approaching car forced me to end the session, but the next
day the driver told me of a “large” adult wolf trotting down
the highway just before the Rookie Lake lookout. Had I
stayed, I likely would have had company!

I later followed every wolf track I could find nearby. The
single wolf had nothing to do with the pack. At first, it had
been about 600 m from the pack. Then it climbed a ridge
toward me, stopping just over the crest where it left two
beds of packed snow with scats [feces] in both. Not far
away, it had urinated twice. After howling from one or both
beds, it had moved toward the highway, where the driver
had seen it.

This evidence, plus my knowledge of the local packs, led
me to believe the single wolf was a lone adult female. The
scat in the beds suggested she was fearful, excited, or anx-
ious, when she howled. Her eventual approach indicated
she may have been seeking contact. Was I being checked
out, even courted? Why had the pack fallen silent after its
first two replies? Did the animals consider the continuing
serenade between two single animals of no importance to
them?

3

Wolf Communication

Fred H. Harrington and
Cheryl S. Asa

The above notes of Fred Harrington portray what
might be a typical night for a lone wolf during the breed-
ing season. They also demonstrate the difficulties inher-
ent in the study of communication. The howling inter-
actions easily fit our expectations for communication
(i-e., Smith 1977). One individual (the sender) produces
a specialized signal (howl) in a specific context (breeding
season), which has immediate (howl reply) and delayed
(approach) effects on others (receivers) that perceive the
signal. It is obvious that communication occurred, but
what were the actual messages transmitted by the howl-
ing interaction?

And what about the olfactory signals left by the lone
female? Were her defecations and urinations merely the
involuntary result of fear or excitement? Or were they
left as “calling cards” to announce her presence, sex,
and reproductive state? What about the odor “rafts” she
shed by the thousands and left wherever she traveled,
or the smells left behind by her feet in the snow? All
these olfactory signs can be perceived and acted on by
other wolves, but should they be considered commu-
nication if they are entirely involuntary? At what point
do these behaviors or physiological processes become
communication?

Philips and Austad (1990, 258) propose that commu-
nication occurs when “an animal transfers information
to an appropriate audience by use of signals.” Signals are
the behaviors and features of animals that have evolved
to encode the information being conveyed. Information,
itself, is the “property of entities and events that ren-
ders them, within limits, predictable” (Smith 1990, 235).
Growling (the signal), for example, conveys aggressive-



ness (the information), and makes a wolf’s subsequent
behavior (likelihood of attacking) more predictable. Sig-
nals and information thus form the basis of communi-
cation: its media and its messages. A knowledge of sig-
nals and the information they convey is thus central to a
fuller understanding of animal communication (Smith
1990).

In sharing information, a signaling animal influences
the recipient’s expectations about future events (Smith
1990). A growling wolf, for example, may cause one pack-
mate to expect to be bitten painfully, should it pursue a
certain course. However, another packmate might have
a very different expectation of the likely outcome. These
differing interpretations stem from the fact that three
different sources of information are available to a recip-
ient (Philips and Austad 1990). The message is the infor-
mation present in the signal as a direct consequence of
natural selection: growls evolved to convey aggressive in-
tentions. Metainformation is additional information that
is present in the signal not as a consequence of natural
selection, but as a side effect of unrelated processes: the
high pitch of the growls of an individual wolf might
identify it as a pup. Finally, the context in which the sig-
nal occurs provides the last bit of information required
as the recipient considers its options: “Although I am
larger than the pup that is growling, its parent is lying
nearby and will probably attack me if I try to steal food
the pup is guarding.” Thus, for wolves, communication
involves the processing of a variety of information from
numerous sources as individuals form and re-form their
expectations about the future actions of packmates and
other wolves.

The signals used in communication share a number
of characteristics (Smith 1990). Within a species’ reper-
toire, each signal is generally recognizable as a “discrete”
entity. That is, despite variation in a signal, it is possible
to draw bounds separating one signal from another.
Thus individual signals vary within and among individ-
uals, but within limits. As a consequence, each different
signal may convey a qualitatively different kind of infor-
mation. Within a signal, “rules” for the modification of
form allow the message to change in specific ways, en-
abling an individual, for example, to convey not only
“what” but also “how much.” Two or more signals can
be combined or sequenced to permit further modifica-
tion. Finally, the signals of two (or more) individuals can
be interwoven into a formalized interaction in which the
behavior of one has meaning only in relation to the be-
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havior of the other. All of these characteristics serve to
make wolf communication both subtle and varied in its
expression.

Communication in the
Context of Wolf Sociality

In this chapter, we will consider both the signals used by
wolves and the information those signals convey. In do-
ing so, we must keep in mind that wolves communicate
in a variety of contexts that range from competitive to
cooperative. Our definition of communication requires
that the sender, at least, have benefited from the evolu-
tion of the signal. Pack wolves generally share a common
genealogy (see Mech and Boitani, chap. 1in this volume)
and, to a large degree, a common self-interest. Thus we
expect that in activities of general benefit to pack mem-
bers, such as hunting and pup rearing, signals will en-
hance the fitness of both sender and receiver. In these
contexts, we expect to find honest and unambiguous sig-
nals. However, packmates also compete for food and for
social status within the pack. In these competitive con-
texts, we expect signal evolution to have favored the
sender rather than the recipient. When in the sender’s
best interests, deceitful or ambiguous signals may evolve
in these contexts (Dawkins and Krebs 1978).

Interactions between packs ought to further this
split in self-interest between sender and recipient. Most
neighboring packs are only distantly related and are
usually hostile to one another (see Mech and Boitani,
chap. 1, and Wayne and Vila, chap. 8 in this volume). In-
teractions involving lone wolves may range from com-
petitive to cooperative, depending on the context and
the identity of the interactants (i.e., former packmates,
potential mate).

Communication as Integration

Most communication involves the transmission and re-
ceipt of simultaneous signals over multiple sensory sys-
tems. Indeed, most signals are composed of elements
from two or more modalities; it is usually just simpler
for us to separate them arbitrarily by sensory system.
This multimodal aspect of communication provides sig-
nals with both emphasis and redundancy. Redundancy
is of particular importance, as the relative salience of any
one modality can vary tremendously as environmental
conditions change. During the day, for example, wolves
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may attend more closely to visual signals, as slight varia-
tions in body posture may be sensitive indicators of a
packmate’s mood noticeable even at a distance. At night,
however, attention may shift to vocal signals.

The integration of signaling systems has not been
studied in wolves. In this review of communication, we
will continue the usual practice of assessing each sensory
system in isolation, but wherever possible, we will hint at
possible interactions. Consider the case of a lone wolf
locating and smelling a urine mark left by another wolf.
After a brief sniff, the wolf turns and flees from the area.
Observing from an aircraft, we would probably con-
clude that some message contained in the urine of the
mark and decoded by the olfactory system stimulated
the wolf’s prompt exit. Yet perhaps it was a visual cue,
such as the height of the mark above the ground, that so
unsettled the loner.

Auditory Communication
The Importance of Audition in Wolf Communication

Wolves howl. Thus, of all the communication channels
available to wolves, the auditory channel is the one best
known to both the lay public and science. Much of wolf
social behavior, from friendly greetings to vicious at-
tacks, is accompanied by vocalization, thus providing, at
the least, redundancy with other communication chan-
nels the wolves may also be using.

Auditory signals have certain advantages over other
modalities, including the visual. They can instantly reach
an audience from near to far at any time of day or night,

TABLE 3.1. Acoustic properties of neonatal wolf pup vocalizations

and they do not require a receiver’s initial attention to
be effective; in fact, they are excellent attention getters.
However, they are highly dependent on suitable atmo-
spheric and environmental conditions as distance be-
tween sender and receivers increases. Yet for all our pre-
occupation with howling, auditory communication in
wolves most often involves relatively quiet, close-range
signals that first emerge from pups in the darkness of
the den.

Development of Vocal Communication

From birth on, wolves are very vocal. Newborn pups
moan, squeal, and scream as they wiggle around and
compete for their mother’s nipples. Early studies of vo-
cal development were largely anecdotal (summarized by
Harrington and Mech 1978b). Coscia (1989, 1995; Coscia
et al. 1990, 1991), however, described vocal development
from birth to 6 weeks of age. By systematically sampling
100 hours of in-den videotapes, she described both the
structure and the context of eleven discrete vocal signals
(table 3.1). By 3 weeks of age, pups made all the adult
sounds recognized by Schassburger (1993; see below), al-
though some were rare.

Early Neonate Vocal Signals

(Squeal /Scream / Yelp/ Yawn)

Pups squeal and scream commonly during their first
few weeks, but rarely by 5—6 weeks of age (Coscia 1995).
Both of these sounds are short (< 0.5 s), harmonic,
and relatively high-pitched, but screams are generally

Vocalization ~ Gross Frequency Frequency Peak age of
class spectral form Duration (s) modulation range (Hz) occurrence
Moan Richly harmonic 0.1-3.0 None to periodic 100-1,500 1-3 weeks
Whine Richly harmonic 0.3-3.0 Aperiodic 200-2,500 —
Squeak Harmonic 0.1-1.2, in series Slow, aperiodic 5,400 —-11,000 4 weeks +
Yelp Harmonic or noisy 0.1-0.3 — 500 —2,600 Rare
Squeal Harmonic or pure tonal 0.1-1.5 Aperiodic 200-2,400 1-3 weeks
Scream Harmonic 0.1-1.0 Slow, aperiodic 700-2,900 1-2 weeks
Bark Noisy and harmonic 0.1-0.3 — 200800 Rare
Growl Noisy 0.2-1.2 — 50 —4,000 4 weeks +
Woof Noisy 0.1-0.2 — 50-11,000 4 weeks +
Yawn Complex 0.8-1.5 Slow, aperiodic 300-5,000 Rare

Howl Harmonic 0.3-3.2 Slow, periodic 200-1,300 Rare

Source: After Coscia et al. 1991; Coscia 1995.



higher-pitched, much louder, and less frequent. Squeals
are not associated with any particular pup or adult be-
haviors, and adults appear to ignore them. When pups
scream, on the other hand, their mother grooms or re-
positions them, often eliciting more screams. Screams
probably serve as mild distress calls.

Pups yelp when stepped on or being carried, and their
mother responds promptly by attending to them (Cos-
cia 1995). Yelps are rare, brief, loud sounds with a rapidly
modulated fundamental frequency (Coscia 1995). Their
chevron-shaped structure is similar to that of the bark,
but is more rapidly modulated and much higher-pitched
(Coscia 1995). Cohen and Fox (1976) believed that the
yelp was a developmental precursor to the bark, but
Coscia et al. (1991) recorded barks as early as day 1.

Yawns are sounds produced during yawning and have
no apparent social role (Coscia et al. 1991). However,
their presence as a possible auditory and visual signal in
other species (Baenniger 1987; Provine 1989; Deputte
1994) suggests that they may also have signal value for
wolves.

Early Adultlike Vocal Signals
(Moan/Whine/Growl/Bark)

Moans are the most common pup sound; they decline
as pups grow older (Coscia et al. 1991; Coscia 1995). Both
Frommolt et al. (1988) and Coscia et al. (1991) reported
that moans were unique to pups, but Schassburger (1978,
1987, 1993) described moans in adults. Moans, like
squeals, screams, and whines, are most common during
the first 2 weeks of life (Coscia et al. 1991; Coscia 1995),
when pups are deaf, suggesting that their target is the
mother. Pups moan while nursing, asleep, or resting;
their moans do not elicit any overt response from the
mother (Coscia et al. 1991; Coscia 1995). Coscia felt that
moans may be a passive consequence of respiration, but
do provide a continuous (tonic) signal of the pup’s loca-
tion (and relative contentment?) in the dark den. Thus
absence of moans may be more indicative of a pup’s need
for attention than their presence. Pups also moan when
huddled together, providing a possible tactile (vibra-
tory) signal to littermates (Coscia 1995).

Pups also whine from birth on. Whines are higher-
pitched than moans and are modulated more slowly and
variably (Coscia et al. 1991). Pups whine and moan in the
same contexts, so the two vocalizations may carry simi-
lar information (Coscia 1995).

Pups growl as early as day 1, but not frequently until
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their fourth week (Coscia et al. 1991; Coscia 1995). Dur-
ing the first 3 weeks, pups growl mostly when huddled.
Older pups growl during active interactions with lit-
termates and occasionally when being moved by the
mother.

Pups bark infrequently from day 1 (Coscia et al. 1991;
Coscia 1995). Before 4 weeks of age, pups bark primarily
when huddled together. Later, they bark most frequently
during interactions with littermates. Pups also bark in
response to sounds outside the den, and frequently as
they leave the den.

Late-Appearing Adultlike Vocal Signals

(Woof/Squeak /Howl)

Pups woof infrequently from their third week on, most
often during the mother’s absence, or in response to
adult movement or squeaking about the den entrance
(Coscia et al. 1991; Coscia 1995). Woofs are associated
with both hesitancy and approach and probably reflect
uncertainty.

Pups do not squeak until day 15, but by week 4,
squeaks become the most common sound in the pups’
repertoire (Coscia et al. 1991; Coscia 1995). The mean
minimum fundamental frequency of squeaks is higher
than the mean maximum frequency of all other pup
sounds. The average pitch of squeaks decreases between
weeks 3 and 5 at a rate of 10% per week; during the same
period, the mean fundamental frequency of squeals de-
creases at a similar rate (8% per week).

In weeks 3 and 4, pups squeak primarily while in con-
tact with one another but not interacting (Coscia 1995).
During the next 2 weeks, they squeak most commonly
during interactions with littermates or with their
mother. Pups also squeak in response to adult squeaks
and howls from outside the den.

Pups howl only rarely and sporadically during their
first few weeks (Coscia 1995), but soon after emerg-
ing from the den at about 3 weeks, they join in most
of the daily howling of the adults (Mech 1988a; L. D.
Mech, personal communication). Compared with other
harmonic pup sounds, howls are much lower-pitched.
Mech (1970), Schassburger (1978, 1987, 1993), and From-
molt et al. (1988) thought the howl may develop from a
neonatal sound variously called the whine or cry, largely
because this sound resembles the howl and because pup
howls often begin with whines that lead into howls. Cos-
cia (1995; Coscia et al. 1991) was skeptical about the evi-
dence for this conclusion.
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Mixed Series and Sounds

Of the wolf pup sounds recorded by Coscia (1995), 15%
occurred with other sound types, as also reported by
others (Cohen and Fox 1976; Schassburger 1987; Coscia
et al. 1991). This was especially true of squeals, screams,
and squeaks. Within these series, sound types were dis-
tributed nonrandomly, suggesting that squeaks, squeals,
and screams represent increasing levels of arousal or dis-
tress in the pup. In addition, Schassburger (1987, 1993)
and Coscia (1995) recorded a variety of mixed sounds
(combinative or derived sounds) that may reflect com-
plexity, uncertainty, or changes of motivational state
(Schassburger 1978).

The Neonatal Vocal Repertoire

The vocal repertoire of newborn pups begins to give way
to an adult-structured repertoire shortly after the pups
can see, hear, and move about. The four most common
sounds of newborns (moans, whines, squeals, screams)
are made repeatedly during the first 2 weeks of life, then
decline rapidly to either disappear entirely (squeals,
screams) or continue in limited roles. The peak occur-
rence of these sounds before the pups can hear implies
that the sounds are directed toward the mother. To-
gether with the yelp, these four sounds provide a stepped
series that permits the mother to continually monitor
the status of her litter. The decline of these early sounds
may indicate that pups rapidly outgrow the need for a
multi-stepped distress signal system. By 3—4 weeks of
age, pups can avoid or endure many situations that may
have been life-threatening earlier. The loss of squeals and
screams still leaves moans, whines, and yelps to indicate
low, moderate, and high levels of distress, respectively.

Coscia’s (1995) research suggests that each neonatal
and adult vocalization is developmentally independent.
Each is distinctive from its first appearance. That some
adult sounds (growls, barks, squeaks) are made in a
common context early in life suggests that the motor
programming for the sounds is present before they are
needed, as are human speech sounds in the babbling of
infants.

The pup sounds recognized by Coscia provide the
foundation from which the adult vocal repertoire
emerges relatively early in life. At 1—3 weeks, before the
development of directed social behavior, pup signals
primarily serve to indicate distress. Other sounds prob-
ably exist in neural form early on, but are not expressed
or, if expressed, occur out of context. After 3 weeks of

age, however, these vocal signals quickly assume their
adultlike roles. The switch between the neonatal scream
and the adultlike howl is a case in point. Screams are ef-
fective within the den, where distress is typically caused
by trampling by the mother, who is also the intended
receiver. But several weeks later, when pups become
increasingly mobile around the den, a scream, with its
shorter range, is not as effective as a howl for a pup whose
distress is caused not by trampling, but by separation.
Thus by the time it emerges from the den at about
a month of age, a pup can produce the full range of vo-
cal signals used by adults. However, it will take another
6 months or more before the pup “grows” into its voice
and fully sounds like an adult. The fundamental fre-
quency of howls, for example, drops from an average of
about 1,500 Hz at 2 weeks (Coscia 1995) to about 350 Hz
by 6—7 months of age (Harrington and Mech 1978b).
Until then, the higher pitch (and shorter duration) of the
pup’s howls, and indeed all of its vocalizations, provide
metainformation, revealing its age to its audience.

The Adult Vocal Repertoire

Schassburger (1978, 1987, 1993) has provided the most
detailed description of the adult wolf vocal repertoire
(table 3.2). He studied captive wolves in three enclo-
sures, classifying sounds by ear. From this aural group-
ing he selected “representative” series, and then analyzed
their context, in order to surmise the meanings and
functions of each sound.

Schassburger divided the wolf’s vocal repertoire into
harmonic sounds and noisy sounds, with the whine and
the growl being the focal sounds for the respective
groups. These groups separate sounds used in friendly
and submissive contexts (harmonic sounds) from those
used in aggressive and dominance contexts (noisy
sounds), paralleling Cohen’s and Fox’s (1976) division
between attracting and repelling calls, and consistent
with Morton’s (1977) motivation-structural (M-S) rules.

Morton’s M-S rules propose that the motivation
behind a vocalization influences its physical structure.
Sounds conveying nonaggressive motivation (affiliation,
submission) should be higher-pitched and purer-toned
than sounds motivated by aggression. These differences
reflect the relationship between body size and both com-
petitive ability and vocal capacity. Small individuals
(i-e., young) are typically nonthreatening and possess
small vocal cords; large individuals may be threatening
and possess larger vocal cords. Small vocal cords under
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tension produce higher, purer sounds; large, relaxed
cords produce lower, coarser sounds. Therefore, to con-
vey friendliness, one should sound small; to convey ag-
gressiveness, one should sound large. This pattern recurs
throughout the wolf vocal repertoire, as indeed it does in
most mammals and birds.

Schassburger’s system is also graded rather than dis-
crete, with subtle differences in message and arousal
conveyed by variation among and within sound types.
Mammals, in general, possess graded vocal systems, in
which specific types of calls vary extensively (Marler
1965). This variation may result from individual differ-
ences (i.e., age, sex, mood, social status) as well as from
context, and given sufficient study, may become pre-
dictable. But such variation may make it difficult to
clearly categorize sounds, leading to the splitter-lumper
dilemma. This has been true in studies of wolf vocal
communication, with early workers (one of us included)
taking the more conservative lumper’s approach and re-
cent researchers such as Schassburger making finer dis-
tinctions. This debate will ultimately be resolved when
we learn where the animals themselves draw the line be-
tween signals. Until such time, the sound categorizations
discussed below should be taken as hypotheses.

Short-Range Vocal Signals

Despite the preoccupation of humans with the howl,
most wolf vocalizations are used at close range among
packmates, where visual, tactile, and olfactory infor-
mation is also available. One of the benefits of using au-
ditory signals is the great degree of variation possible
within each sound type, permitting wolves to convey
subtle differences in mood and meaning. This is partic-
ularly so at close range because the effects of attenuation
and distortion are nil; subtle differences can be conveyed
clearly and unequivocally. A wolf can use the full range
of its vocal cords, with each signal using a discrete por-
tion of the possible vocal output.

Harmonic Sounds (Whimper/ Whine/ Yelp)

Wolves whimper, whine, and yelp in friendly or submis-
sive contexts (table 3.3). There are two variants of each of
these sounds: full forms with low tones, and whistle
forms lacking low frequencies (Schassburger 1993). The
whistle form of the whimper is often called the squeak
(Crisler 1958; Fentress et al. 1978; Field 1978, 1979; Gold-

man 1993; Goldman et al. 1995). We do not know, how-
ever, whether these variants are discrete signals, or how
they are produced.

Schassburger (1978, 1987, 1993) suggested that the
high pitch of these sounds results from emphasis on
the fifth or sixth harmonic (3,000—3,800 Hz) of a low-
frequency (s0o0—700 Hz) call. However, sonograms
(Harrington and Mech 1978b, 111; Schassburger 1993,
16; Coscia 1995, fig. 9) indicate that the low and high
components are not harmonically related, so they must
be formed by independent mechanisms, perhaps vo-
cally (low-frequency) and nasally (high-frequency) (Ni-
kol’skii and Frommolt 1989) or by a laryngeal whistle
mechanism similar to that used by rodents to produce
ultrasound (i.e., Roberts 1975a,b). The low component
often appears at the end of the sound or series of sounds
rather than at the beginning (sonograms in Harrington
and Mech 1978b; Schassburger 1987, 1993), suggesting
that changes in vocal cord tension affect the relative con-
tent of the two components.

Schassburger (1978, 1987, 1993) proposed that the full
forms of these sounds evolved to facilitate localization.
Alternatively, whistle forms may be less threatening
(Morton 1977), and may be used when maximizing at-
tractiveness, as when an adult approaches a pup or a so-
cially dominant animal approaches a subordinate.

Wolves often whimper and whine together in series
and with overlap in context (see table 3.3). However,
they whine more often during submission /appeasement
and less often in greeting. They yelp largely in submis-
sive situations involving physical contact, and probably
in an attempt to terminate the interaction (see table 3.3).
Wolves show long-term individual differences, as well
as sex and age differences, in squeaks (Field 1978, 1979;
Goldman 1993; Goldman et al. 1995; T. D. Holt and F. H.
Harrington, unpublished data), and there is circum-
stantial evidence that young pups can distinguish the
squeaks of their mother (Goldman 1993; Goldman et al.

1995).

Noisy Sounds (Growls/Snarls/ Woofs/Barks)

Wolves growl and snarl in a wide variety of aggressive
contexts, including assertion of dominance, during
threat or attack, or as a warning or defense (Schenkel
1947; Joslin 1966; Fentress 1967; Fox 1971a, 1978; Schass-
burger 1978, 1987, 1993). Growls are the typical vocaliza-
tion used during dominance interactions. Snarls, along
with growls, occur more often in the latter two contexts
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TABLE 3.3. Relative occurrences of short- and medium-range wolf vocalizations

Occurrences*®

Whine- Growl-
Context Yelp Whimper ~ Whine moan® Moan  moan® Growl Snarl Woof Bark
Pain, fear 484
Greeting 355 7
Frustration, anxiousness 3 254 143 20 14 5
Submission, appeasement 8 144 11 14 7
Dominance 1—> 11 —> 25 — 443 —— 1
Threat, attack 3 17 55 432 80 5 —— 6
Warning, defense 25 38 54 180 14 70 18
Protest 1 52 — 51
Play 1 8 11 24 23 11
Sexual arousal 71 34

Source: After Schassburger 1993.

“Numbers represent occurrences in three packs observed for differing periods with varying degrees of sampling effort. Therefore, numbers should be used as

rough guides to relative occurrence. Horizontal arrows represent changing “self-assertiveness,” increasing to right, decreasing to left. Vertical arrows represent fre-

quent overlap in context.

?These vocalizations were considered major classes by Schassburger (1993), and will be so distinguished here.

(see table 3.3). Growls constituted one-third of all the vo-
calizations Schassburger recorded in his captive studies.

Woofs are soft, low sounds that may be “nonvoiced”
(i.e., not involving the vocal cords), providing a local-
izable short-range signal similar to a whisper. Wolves
woof primarily in warning or defense (see table 3.3), as
when humans approach summer homesites with pups
(Nikol’skii et al. 1986). Pups respond to adult woofs by
lying quietly in brush or returning to the den, whereas
nearby adults may be alerted and recruited to defend
against the threat (Schassburger 1978).

Barks are short, low-pitched sounds that clearly in-
volve the vocal cords. Though described as harsh or
noisy, barks recorded at close range and analyzed at
high resolution have a rapidly modulated, chevron shape
(Frommolt et al. 1988; Coscia et al. 1991; Coscia 1995).
Barks probably vary in their relative harmonic/noisy
quality with motivation, following Morton’s (1977)
motivation-structural rules: as an animal’s aggressive-
ness increases, its barks should decrease in pitch and be-
come more noisy.

Barks and woofs overlap greatly in context (see table
3.3). Wolves woof or bark when humans or other large
animals approach dens or rendezvous sites closely (sum-
marized by Harrington and Mech 1978b). In these situa-
tions, the wolves maintain distance, but do not flee,
suggesting a motivational conflict between “fight” and
“flight.” The chevron form of the bark coincides with
the sound structure expected by Morton (1977) in such a
situation. Because it should also be relatively easy to lo-
calize (Marler 1955; Scott 1961; Harrington and Mech
1978b; Lehner 1978a,b), the bark probably evolved to
draw visual attention to the vocalizer.

Intermediate Sounds (Moans)

Moans constitute a variable class of harmonic to noisy
sounds that resemble a “low, prolonged sound of grief or
pain” (Schassburger 1993, 19). They have not been re-
ported from wolves in the wild. Schassburger distin-
guished three subclasses of the moan (harmonic, noisy
harmonic, and intermediate) as well as two other related
sounds (whine-moan and growl-moan). As no statistical
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evidence was presented to support these subdivisions
as discrete signals, we will consider them all here either
as graded variants of the moan or as mixed sounds (see
below).

Wolves moan in many contexts (see table 3.3) that
in Schassburger’s (1978) view reflected ambivalence be-
tween self-assertion (aggression) and submission. He
also thought the moan was both the developmental pre-
cursor of the wolf’s vocal repertoire, as it dominates the
newborn pup’s repertoire, and the link between aggres-
sive/noisy sounds and friendly/harmonic sounds. How-
ever, wolf pups make many sounds on their first day of
life, and other adult wolf sounds show no developmen-
tal trends from simpler precursors (Coscia 1995).

Mixed Sounds

Schassburger (1978, 1987, 1993) also identified mixed
sounds, continuous sounds with successive character-
istics of two or three sound types (i.e., yelp-whine,
whimper-yelp, bark-growl, woof-bark, bark-growl-
snarl, etc.). Most combinations occurred among sounds
within either the harmonic or the noisy groups, except-
ing the whine-bark. Schassburger believed that mixed
sounds represented “functional summation,” the ex-
pression of different but compatible messages, or served
to grade “message intensity” (also proposed by Cohen
and Fox 1976).

Long-Distance Vocal Signals

Long-distance vocal signals evolved under important
constraints imposed by the environment through which
the sound travels (i.e., Morton 1975; Marten and Marler
1977; Marten et al. 1977). Characteristics of the carrier
medium (air), such as turbulence, temperature, humid-
ity, precipitation, and noise, affect the fidelity and range
of the vocal signal. Intervening structures, from land-
scape features (hills, valleys) to vegetation, further scat-
ter and attenuate sounds. Although some of these effects
may be independent of sound frequency, some of the
most important causes of signal loss and distortion hit
higher-pitched sounds harder than lower ones. Conse-
quently, one general rule for maximizing signal distance
while minimizing signal distortion and loss is to use
lower and harmonically purer sounds.

The wolf’s principal long-distance vocalization is the
howl, which fits this rule as a lower-pitched, harmoni-
cally simple sound. The maximum range of detection by
another wolf may be 10 km (6 mi) in forested habitat

(Harrington and Mech 1978b) and 16 km (10 mi) on tun-
dra (Henshaw and Stephenson 1974), although the usual
range is probably much less (Joslin 1967). But the gain in
extended range comes at a cost. As we saw above, the
wolf is able to exploit the full range of its vocal cords for
short-range sounds, so that a rich variety of information
can be clearly transmitted. Howls, on the other hand, are
constrained in their structure and therefore are more
limited in the variety or subtlety of information they can
transmit. Variation in the message, following Morton’s
M-S rules, is still possible with howls; it is only that the
range of variation is more limited.

Howls are harmonic sounds with a fundamental fre-
quency of 150 Hz to more than 1,000 Hz for adults (The-
berge and Falls 1967; Harrington and Mech 1978b; Har-
rington 1989; Tooze et al. 1990). The lowest frequencies
usually occur briefly at the beginning or end of a howl,
and the highest frequencies typically occur during the
first half of the howl (Theberge and Falls 1967; Tooze
et al. 1990). The mean pitch of adult howls varies be-
tween 300 and 670 Hz (Harrington and Mech 1978b;
Tooze et al. 1990). Both pups and adults respond differ-
entially to playback of adult and pup howls, replying to
and approaching adult howls more readily (Harrington
1986).

The fundamental frequency and the first one or two
harmonics of a howl are usually the strongest (Theberge
and Falls 1967; Harrington and Mech 1978b; Tooze 1987;
Tooze et al. 1990). The relative strengths within these
bands may shift as pitch changes (Theberge and Falls
1967; Schassburger 1978), probably due to resonant fea-
tures of the individual’s vocal tract. Although wolf howls
show up to a dozen harmonics (Theberge and Falls
1967), there is relatively little energy in the upper har-
monics, so they attenuate rapidly with distance (Mor-
ton 1975; Marten and Marler 1977; Marten et al. 1977).
“Spontaneous” solo howls are softer than elicited howls
or howls given during choruses (Klinghammer and
Laidlaw 1979).

Solo Howling

Single adult wolf howls vary from less than a second
to 14 seconds in length (Theberge and Falls 1967; Har-
rington and Mech 1978b; Schassburger 1993), but mean
durations range between 3 and 7 seconds (Theberge and
Falls 1967; Harrington and Mech 1978b; Tooze 1987;
Tooze et al. 1990). Single animals may howl in bouts
up to 9 minutes long (Joslin 1966; Theberge and Falls
1967; Harrington and Mech 1978b; Schassburger 1978;



Klinghammer and Laidlaw 1979; Tooze 1987). Solo howl-
ing by captive wolves peaks during the winter breed-
ing period and is most common during morning and
evening (Schassburger 1978; Klinghammer and Laidlaw
1979).

The structure of a howl varies greatly within and
among both individuals and social contexts (Theberge
and Falls 1967; Harrington and Mech 1978b; Schassbur-
ger 1978, 1987, 1993; Tooze 1987; Harrington 1989; Tooze
etal.1990). Howl form (i.e., change in frequency modu-
lation during the howl) and frequency characteristics
(i.e., fundamental frequency, range of modulation, and
harmonic content) differ consistently among individu-
als (Theberge and Fall 1967; Harrington and Mech 1978b;
Tooze et al. 1990). Thus the information is available for
wolves to identify one another, although we still need to
determine how they do so. As the frequency composi-
tion of the howl changes with distance (Morton 1975),
there may be a maximum distance over which individ-
ual recognition is possible.

Solo howls vary from scarcely modulated (“flat”
howls) to highly modulated, sometimes with discon-
tinuities in pitch (“breaking” howls) (Theberge and Falls
1967; Harrington and Mech 1978b; Tooze 1987). This
variation may be related to general arousal, to whether
the howl occurs early or late in a bout, or to whether the
howling was elicited or spontaneous. Other examples of
apparently systematic variation in wolf howls have been
noted (Harrington and Mech 1978b; Harrington 1987;
F. H. Harrington, unpublished data; Tooze 1987). For
example, elicited howls from adult wolves that ap-
proached an apparent intruder were significantly lower
and coarser than elicited howls from the same wolves
when they did not approach (Harrington 1987). This
finding suggests that changing levels of aggressiveness
influence the structure of howls in the same way they
do the structure of short-range vocalizations (Morton

1977).

Chorus Howling

Howls in choruses typically are even more variable than
those from single wolves (McCarley 1978; Harrington
1989; Holt 1998). Wolves generally begin choruses with a
relatively unmodulated howl, and other wolves join in
at an accelerating rate. The fundamental frequencies of
subsequent howls usually differ by at least 15 Hz from
one another (Filibeck etal. 1982). Howls become shorter,
higher, and more frequency-modulated as the chorus
continues (Joslin 1966; Tooze 1987; Harrington 1989).
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Joslin (1966) and McCarley (1978) described choruses
ending with a bark, although highly modulated howls
(i.e., yips and yaps) may sound like barking from a dis-
tance (F. H. Harrington, unpublished data). Holt (1998)
found that in addition to howls (56% of all vocaliza-
tions), squeaks (36%), barks (7%), and growls (1%) were
common vocalizations during choruses.

Wolf choruses last 30—120 seconds (Joslin 1966; Mc-
Carley 1978; Klinghammer and Laidlaw 1979; Harring-
ton 1989), and possibly longer during the breeding sea-
son (Klinghammer and Laidlaw 1979; Servin[-Martinez]
2000). Their lengths may (Klinghammer and Laidlaw
1979) or may not (Harrington 1989) be related to pack
size.

Schassburger (1978, 1987, 1993) distinguished two
forms of chorus howling: harmonious, characterized by
relatively little modulation of individual howls, and dis-
cordant, with a “more random, non-overlapping distri-
bution of harmonics, as well as apparently random dis-
tribution of the sound energy” (1978, 95). Pup choruses,
and choruses in association with pre- or post-chorus
“rallies” (see Packard, chap. 2 in this volume) were fre-
quently discordant, whereas “spontaneous” choruses
without accompanying group activity were more harmo-
nious. The above descriptions match McCarley’s (1978)
descriptions of spontaneous and elicited choruses in red
wolves, as well as similar descriptions of chorus howling
in coyotes (McCarley 1975; Ryden 1975; Lehner 1978a,b).

In our experience (Harrington and Mech 1978b; Har-
rington 1989), proximity to packmates seems to influ-
ence the structure of a chorus: when wolves were close
together, their howling was discordant; when wolves
were separated (by tens of meters or more), their howl-
ing was harmonious. This difference suggests that cho-
rus structure may reflect the degree of physiological
or behavioral arousal experienced by animals during
the chorus, contrary to other hypotheses (Schassburger
1978, 1987, 1993; Lehner 1978a,b, 1982).

Functions of Howling
A variety of functions have been proposed for wolf howl-
ing: (1) reunion, (2) social bonding, (3) spacing, and
(4) mating. Evidence for these functions ranges from
speculative through anecdotal to quasi-experimental. It
is obvious, however, that howling has functions both
within and among packs.

Many researchers have noticed that wolves, when
separated from their packmates, howl readily (Murie
1944; Young 1944; Fentress 1967; Theberge and Falls 1967;
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Zimen 1981; Tooze 1987; Coscia 1995). Anecdotal ac-
counts of separated wild wolves meeting after howling,
or howling as they returned to summer homesites
(Murie 1944; Mech 1966b; Rutter and Pimlott 1968; Pe-
terson 1974, 1977; Dekker 1985), leave little doubt that
howling helps coordinate movements among separated
packmates. The likelihood of individual recognition
(Theberge and Falls 1967; Tooze et al. 1990) would allow
wolves to distinguish between packmates and strangers.

Evidence for a second commonly proposed func-
tion, the strengthening of social bonds (see Packard,
chap. 2 in this volume), is more equivocal. This func-
tion has probably been proposed for intuitive reasons:
chorus howls are highly contagious events within the
pack (Crisler 1958; Mech 1970; Zimen 1981); wolves that
have been expelled from the pack or are being “sup-
pressed” by others usually do not join the chorus (Zi-
men 1981); packmates typically engage in a variety of of-
ten vigorous social activities before, during, or after a
chorus howl (Murie 1944; Crisler 1958; Zimen 1981); and,
since wolves are highly social, with strong ties to pack-
mates, many people think that such a spirited activity
must strengthen bonds among individuals.

Unfortunately, no objective evidence exists with
which to test this assertion. Furthermore, individual
wolf packs vary widely in their howling rates (Voigt 1973;
Harrington and Mech 1978a; Joslin 1982). Does this vari-
ation result in differences in social cohesion within
packs? Until evidence of a relationship between chorus
howling and some objective measure of social bonding is
produced, we must consider this role a hypothesis to be
tested. However, whatever form of arousal wolves expe-
rience during chorus howling may serve to ensure that
wolves howl when appropriate to fulfill other important
functions, such as reunion or spacing.

The role of howling in spacing packs (see Mech and
Boitani, chap. 1 in this volume) has been explored in
some detail (Joslin 1967; Theberge and Falls 1967; Har-
rington 1975, 1987, 1989; Harrington and Mech 1979,
1983). In general, packs’ responses to imitation wolf
howls or playbacks of strangers’ howls are consistent
with a spacing function: packs that reply generally re-
main where they are; packs that do not reply often re-
treat (Harrington and Mech 1979). Packs are more likely
to reply and stand their ground if they are at a relatively
fresh kill or if they are accompanied by relatively small
pups, both important resources critical to reproductive
success. Furthermore, factors that stack the odds in favor

of a pack in a confrontation, such as pack size, and fac-
tors correlated with increased aggressiveness, such as
hormone levels during the breeding season, increase the
probability of a reply (Harrington and Mech 1979). Ob-
servations of packs avoiding one another following vocal
interactions (Rutter and Pimlott 1968; Harrington 1975)
further support a role in spacing.

The precise role that howling plays in spacing, how-
ever, may be distorted by human preconceptions of the
concept of territory. A pack’s response to strangers’
howling shows no relationship to territory boundaries
(Harrington and Mech 1983). In addition, some tundra
packs are nomadic much of the year (Stephenson and
James 1982). Thus, it may be more appropriate to con-
sider inter-pack howling an avoidance mechanism than
a “territorial” mechanism (see also Jaeger et al. 1996).

Mech (1970) proposed that packs could assess one an-
other’s size through their chorus howls, but Harrington
(1989) considered this unlikely on both theoretical and
empirical grounds. As packs are generally competitors
and vary in size relative to their neighbors from year to
year and even day to day, and as they may have no prior
knowledge about their competitors’ pack size, we would
expect them to benefit more often than not from not
providing clear information on their true size.

An analysis of chorus howls found no reliable infor-
mation on pack size (Harrington 1989). Furthermore,
humans often overestimate the size of packs howling
at a distance (Eckels 1937), probably due to the differen-
tial echoes of highly modulated howls in a chorus (Har-
rington 1989). Filibeck et al. (1982) reported a method
to determine pack size from harmonious choruses re-
corded at close range in captivity. The technique failed
for modulated choruses, however, and has not been
tested in the wild. If a similar misperception occurs in
the canid auditory system, then chorus howls may often
provide information that leads to an overestimate of the
pack’s actual size, similar to the Beau Geste hypothesis
(Krebs 1977).

Captive wolves not integrated into packs often howl
“spontaneously” during the breeding season (Kling-
hammer and Laidlaw 1979; Zimen 1981). Harrington and
Mech (1979), however, found that wild lone wolves never
replied to simulated solo howling, although they some-
times did approach very closely. These findings suggest
that lone wolves may use howling to locate potential
mates, with the relative danger of vocalizing determining
whether they reply or approach silently.



Variation in Vocal Signals

The way in which wolves express their changing state of
arousal may vary among sound types, but in general it is
expressed by changes in pitch, loudness, duration, or
rate of frequency or amplitude modulation. For ex-
ample, within growls, a decrease in pitch or an increase
in duration or loudness may represent an increase in ag-
gressiveness. Discontinuities between sound types un-
derlying similar motivational states (i.e., growls-snarls,
whimpers-whines-yelps, woofs-barks) may arise at spe-
cific thresholds in the same manner that specific gaits
(i.e., walking, trotting, galloping) replace one another
over a limited range of speeds (Stewart and Golubitsky
1992). Growls and squeaks, for example, represent op-
posite motivations, and their structures are antitheti-
cal. Moans, whines, and yelps represent steps along a
pain/fear (distress) axis, becoming higher, shorter, and
more modulated as distress increases. Growls and snarls
represent increasing aggressiveness as conflicts escalate
from threat to action. Woofs and barks indicate increas-
ing aggressiveness or assertiveness as the wolf switches
from a muted warning call to a louder confrontational
sound.

For the wolf, the bark is an intermediate-range vo-
calization. The concentration of energy in harmonic
bands should extend its range beyond that of a broad-
band noise (i.e., growl), while the extensive modulation
makes the sound easier to localize (Marler 1955; Konishi
1973). With short-range vocalizations, attenuation and
noise are unimportant, so the entire range of frequen-
cies and durations permitted by the wolf’s vocal tract
can be exploited. Specific signals occupy discrete por-
tions of this range with minimal ambiguity and maxi-
mal dynamic range. With increasing transmission dis-
tance, spreading and interference markedly attenuate
sounds, especially higher or noisier ones, relegating long-
distance calls to lower, purer-toned, harmonic sounds
(Morton 1975; Marten and Marler 1977; Marten et al.
1977). The howl thus acts as the long-distance medium
upon which varying messages may be carried, albeit
with greater ambiguity and less subtlety, representing a
trade-off between transmission range and information
content.

The long, pure, low harmonic structure of howling is
well suited for long-distance communication. For dogs
(Baru 1971) and most mammals (Fay 1992), the ability to
detect a pure tone increases as the duration of the sound
increases (“temporal summation”) up to an optimal du-
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ration dependent on pitch (Green 1973). At 1,000 Hz,
this optimum duration is about 100 —200 ms in dogs, but
at 250 Hz, near the fundamental frequency of adult wolf
howls, it is at least 1,000 ms (Baru 1971). Thus howling
wolves should achieve the greatest effective range by sus-
taining a frequency for at least a second before changing
pitch, which many howls do (Harrington 197s5; F. H.
Harrington, unpublished data).

The frequency range of howling (150 —780 Hz: The-
berge and Falls 1967) neither coincides with the “best
frequency” of the canid auditory system nor fits the
frequency “window” for optimal range (Morton 1975).
However, this frequency window is caused largely by a
“ground effect” on sounds broadcast and heard less than
a meter above the ground (Marten and Marler 1977;
Marten et al. 1977). For calls broadcast more than a me-
ter above the ground, this “window” disappears, and the
lower the call, the longer the range (Marten and Marler
1977; Marten et al. 1977; Waser and Waser 1977). Wolves
howl at this height threshold, so any means to avoid the
ground effect (e.g., standing or sitting while howling
rather than lying, pointing muzzles above the horizon,
using higher elevations) should help maximize range.
One unquantified aspect of howling involves the rela-
tions among motivation, posture, and immediate habi-
tat and the structure, amplitude, and pitch of howls, all
of which should be important influences on range.

When a wolf utters a growl or whimper or bark, there
is usually little uncertainty about its intended target. But
when a wolf howls, it usually does not know what wolves
might be listening. This uncertainty has probably in-
fluenced the form of the howl in a variety of ways. For
example, given the hostility that generally occurs be-
tween wolves of different packs, wolves might limit the
amount of information made available by a howl. When
packs see each other, a confrontation often follows rap-
idly, with one pack pursuing the other (see Mech and
Boitani, chap. 1 in this volume). These confrontations
may happen so quickly because visual contact removes
most of the uncertainty about the other pack (i.e., its
size, number of adults, confidence, etc.). If a chorus
readily provided all this information, packs ought to be
just as likely to seek out and attack one another following
a howling interaction. The relative rarity of confronta-
tions following howling interactions (Harrington and
Mech 1979) suggests that uncertainty about the other
group makes wolves more cautious.

Similarly, a wolf separated from its packmates might
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reach an unintended, hostile audience by howling. The
observation that solo howls are often relatively quiet
(Klinghammer and Laidlaw 1979) suggests that a wolf
may limit the range of its howls to avoid alerting strang-
ers. Furthermore, several sets of evidence suggest that
wolves separated from their pack, or wolves interacting
with strangers, might modify their howls in advanta-
geous ways. First, pack wolves that had been interacting
vocally with an apparent stranger at a distance lowered
the pitch of their howls when later approaching it (Har-
rington 1987). These wolves used a higher howl during
the initial interaction, and resorted to a lower (and pre-
sumably more threatening) howl only when the stranger
continued to howl. Second, on other occasions, the
howls initially elicited from separated pack members
were little modulated; these howls were sometimes ex-
tremely difficult to localize (F. H. Harrington, unpub-
lished data). Finally, on one occasion, two pups howled
for at least an hour from an abandoned rendezvous
site. When a packmate eventually replied, their howls
changed in form and seemed to become much louder
than before (F. H. Harrington, unpublished data). These
observations suggest that in times of uncertainty, wolves
may use a “poker” howl that limits the amount of infor-
mation that might be made available to unintended ears.

The Auditory System

Effective communication with sound requires an audi-
tory system that can both receive and decode sound sig-
nals. Unfortunately, little is known about the wolf’s au-
ditory abilities. Dogs, however, appear to have relatively
ordinary hearing abilities compared with other mam-
mals (table 3.4) (Masterton et al. 1969). Their sensitivity
at low frequencies (< 1 kHz) is generally similar to that
of cats and humans (Dworkin et al. 1940; Lipman and
Grassi 1942; Neff and Hind 1955; Masterton et al. 1969;
Baru 1971; Heffner 1983). At higher pitches, dogs become
increasingly more sensitive than humans, and cats be-
come even more sensitive than dogs (table 3.4).

The upper frequency limit of hearing in four dogs
did not vary with their size (4.3—45.5 kg or 9.5-100.1
pounds), indicating that high-frequency sensitivity may
be a species-typical characteristic (Heffner 1983) (see
table 3.4). Peterson et al. (1969) found upper frequency
limits of 60 kHz for dogs, 80 kHz for coyotes, 65 kHz for
red foxes, and 100 kHz for domestic cats, suggesting sys-
tematic differences among species even as closely related
and similar in size as dogs and coyotes.

The role of the pinna (external ear) in the dog or wolf
is not yet clear. Two studies found no systematic effects
of pinna type (upright, partly upright, flopped) on sen-
sitivity (Peterson et al. 1966; Heffner 1983). Its role in
sound localization is also unknown, although Heffner
and Heffner (1992¢) have suggested that movable pinnae
could serve as directional noise filters, allowing an ani-
mal to amplify a weak signal without moving its head.
Wolves point their ears when alert and facing some point
of interest. The spatial acuity (ability to localize sound)
of dogs is similar to that of cats, but nearly an order of
magnitude poorer than that of humans (Heffner and
Heffner 1992a,b) (see table 3.4). Goats, horses, and cattle
have very poor ability to localize sound (18°, 25°, and 30°,
respectively), yet all have very mobile pinnae (Heffner
and Heffner 1992a,b). Heffner and Heffner (1992a,c)
suggested that the primary function of sound localiza-
tion is to direct the field of best vision toward the sound
source. Thus species with small areas of best vision (i.e.,
humans with foveae) require high spatial acuity, whereas
species with broad bands of best vision (i.e., ungulates
with pronounced visual streaks) need only mediocre
spatial acuity. The modest abilities of the canid at local-
izing sounds may be sufficient to direct its best vision
(area centralis, see below) toward the sound source.

A dog’s ability to detect a change in pitch is better for
immediate than for delayed comparisons, and worsens
for sounds shorter than 100—200 ms (Baru 1971) (see
table 3.4). At1kHz, dogs are capable of discriminating a
change in frequency of 8—10 Hz (1%), as compared with
the human threshold of 3 Hz (0.3%) (Sinnott and Brown
1993).

At birth, dog and wolf pups are deaf, evidently be-
cause the ear canals are closed (Strain et al. 1991). Once
they open at about 12—14 days of age (Mech 1970; Foss
and Flottorp 1974; Breazile 1978; Strain et al. 1991), hear-
ing matures rapidly and reaches adult sensitivity (35 dB)
by day 20 (Strain et al. 1991). The auditory cortex attains
adult complexity at about 4—5 weeks (Breazile 1978).

Dog pups respond earliest (days 13—16) to frequencies
between 250 Hz and 750 Hz, slightly later (days 13—23) to
frequencies between 1,000 Hz and 4,000 Hz, and latest
(days 20—22) to 8,000 Hz, the highest frequency tested
(Foss and Flottorp 1974). Four-week-old beagle pups are
sensitive to tones up to 50 kHz, whereas 4-month-old
beagles are sensitive only up to 25 kHz (Peterson et al.
1966). Dog pups can localize pup whines and adult fe-
male barks as early as 13 days of age (Ashmead et al.
1986).
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Olfactory Communication
The Importance of Olfaction in Communication

Olfaction, the sense of smell, is probably the most acute
of the wolf’s senses. Wolves, unlike humans, are strongly
reliant on odors to acquire information about the out-
side world—for example, about food or danger—and
to communicate with other wolves. The strength of the
wolf’s drive to investigate the environment with its nose
was demonstrated in a study of adult wolves made anos-
mic (unable to smell) (Asa et al. 1986). Both males and
females continued for years to sniff objects as if seeking
olfactory information, despite their failure to find it.

In many respects, acoustic and olfactory signals play
complementary roles in wolf communication. At close
range, and particularly at night, these two kinds of sig-
nals provide wolves with different “pictures” of one an-
other: vocal signals best indicate the immediate state of
an individual’s changing mood and probable future ac-
tions over the next few seconds or minutes, whereas
odors provide a deeper and broader window into the an-
imal’s history, present status, and future prospects over a
much longer time frame. Thus, while a female’s urine
may inform a male that she is physiologically ready to
mate and conceive, her voice may inform him that now
is not the time. Over distance, the time differential be-
tween acoustic and olfactory signals is magnified. Howl-
ing permits wolves to know one another’s locations,
identities, and moods in real time, whereas scent mark-
ing permits the same information, and more, to be “ar-
chived” for periods of days or even weeks.

Odors may contain information on species or indi-
vidual identity, gender, breeding condition, social status,
emotional state, age, condition, and even diet. Olfactory
signals are produced by the wolf’s entire body, both in-
side and out. Although much has been learned about
scent marking by wolves, there is still much we do not
know. However, a vast literature on domestic dogs pro-
vides additional details and insight into the olfactory
workings of these closely related animals.

Signal Sources

Olfactory signals are much harder for humans to discern
than are sounds or visual displays, primarily because the
human olfactory sense is relatively poorly developed.
Odors are not easily captured and often leave little evi-
dence of their presence that we can detect directly. Al-
though some forms of olfactory communication are ac-

companied by conspicuous behaviors, such as a raised
leg during scent marking, many are known only from
the interest that wolves direct toward odor sources with
their noses. In the following sections, we will survey the
various odor sources most likely to play a role in wolf
communication.

Skin Glands

The secretions of the wolf’s skin glands not only keep the
skin supple and hydrated, but also function in chemical
communication. There are three basic types of secretory
skin glands: sebaceous, apocrine, and eccrine. Sebaceous
glands are typically found in hair follicles, except those
in the hairless preputium (Sokolov 1982). They produce
an oily, waxy substance called sebum that, when acted on
by bacteria, emits distinct odors. Increased gland size
and sebum production are stimulated by androgens,
whereas estrogens retard production (Albone 1984). In
dogs, large sebaceous glands associated with hair follicles
are found along the dorsal part of the neck, back, and
tail, especially in the supracaudal tail gland area. How-
ever, those present at the junction of the skin and mu-
cous membranes of the lips, vulva, and eyelids are even
larger (Al-Bagdadi and Lovell 1979).

Apocrine sweat glands have been detected micro-
scopically in the skin of dogs (Aoki and Wada 1951), so
wolves also are likely to possess them. They are most nu-
merous on the face, lips, and back and between the toes.
Dog apocrine glands are typically associated with hair
follicles and, although they first become active at pu-
berty, appear not to be under the control of sex steroid
hormones after that time. Their watery secretion is not
used for cooling, but is under autonomic control (Aoki
and Wada 1951).

Eccrine glands, the true sweat glands that function
primarily for cooling, are not associated with hair folli-
cles, but secrete salty fluid directly onto the skin. In dogs
they are located only on the footpads (Nielsen 1953).
Their secretion is influenced predominantly by exercise
or heat stress, but can be stimulated by the involuntary
nervous system (Albone 1984).

Although fresh secretions are odorless, microflora in
the ducts or on the skin act on the products of sebaceous
and apocrine glands to produce odorous compounds
(Nicolaides 1974). Individual differences in microflora
and in diet result in the functional equivalent of chemi-
cal “fingerprints” (Halpin 1980). Thus, it should be pos-
sible for wolves to recognize one another by distinc-
tive “odor fingerprints” (Brown and Johnston 1983). In



fact, domestic dogs not only can identify individual hu-
mans by odor, but can even distinguish between iden-
tical twins that are eating different diets (Kalmus 1955).
In addition, skin gland activity can vary seasonally, as
changing hormone levels result in changes in gland size
and in the composition of secretions (Adams 1980).

Feet

Apocrine sweat glands are present in the “webs” of the
paws, in the form of small glandular pockets near the
bases of the toes of dogs (Speed 1941; Nielsen 1953) and
probably on those of other canids as well. Eccrine sweat
glands, in contrast, are numerous in the footpads (Niel-
sen 1953; Lovell and Getty 1957). The stiff-legged scratch-
ing that sometimes follows urine marking and defeca-
tion by breeding wolves may lay down an additional
scent mark from the paws (Peters and Mech 1975b; Pa-
quet 1991a). A scent-marking function for such scratch-
ing has also been suggested for coyotes (Young and Jack-
son 1951; Barrette and Messier 1980; Paquet 19912) and
dingoes (Corbett 1995). In addition to scent, scratching
leaves obvious visual marks that may draw attention to
the associated urine or fecal deposit.

Back and Tail

Little attention has been paid to the skin on the backs of
canids in terms of signal value. Wolves, for example,
have contrasting color markings across the shoulders,
and the relatively longer guard hairs covering that area
are raised during periods of arousal. Also called “hack-
les,” these raised hairs convey an obvious visual signal
that can be recognized even by humans. There are clus-
ters of sebaceous and apocrine glands at the bases of the
follicles of these hairs (Al-Bagdadi and Lovell 1979). The
skin tends to lie in folds when the hairs are not erect,
providing a microclimate for bacterial action on the
glandular secretions. Bacteria can break down larger
molecules into smaller, more volatile forms (Brouwer
and Nijkamp 1953). During piloerection, the skin folds
are spread, forcing the gland contents up the ducts and
allowing dispersion of accumulated volatiles (Al-Bag-
dadi and Lovell 1979; Albone 1984). This passive release
of scent has been little studied and may indeed play a
more important role in communication than previously
suspected (see Eisenberg and Kleiman 1972). In the case
of canid piloerection, the wolf’s emotional state, espe-
cially alarm or aggression, may be signaled, perhaps as
in the fright-induced release of the black-tailed deer’s
metatarsal scent (Miiller-Schwarze 1971).
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Clusters of sebaceous glands, together with apocrine
glands, make up the supracaudal or dorsal tail gland
found on the top surface of the tail about a third of the
way from its base (Hildebrand 1952). Previously called
the violet gland because of its scent in the fox, in which
it was first described, this glandular area is distinguished
by black-tipped guard hairs and the absence of underfur.
Although wolves do not typically investigate this area on
one another, Ewer (1968) contended that its secretion is
rubbed onto the roof of den entrances. However, Hilde-
brand (1952) proposed that the secretion may contain in-
formation about individual identity.

Ears

The olfactory significance of sebaceous secretions from
the ears is not clear. In a study of domestic dogs (Dun-
bar 1977), males showed little interest in ear wax sam-
ples, but investigated the ears of females twenty times as
frequently as those of males. These results suggest that
secretions other than, or in addition to, ear wax are in-
volved, and that the information they contain is related
to gender.

Anal Sacs

The paired anal sacs just inside the wolf’s anus are in-
vaginations of the skin that contain both apocrine and
sebaceous glands (Montagna and Parks 1948). They are
surrounded by a muscle layer that is under voluntary
control. The components of anal sac secretions vary by
season and between males and females whether they are
castrated or ovariectomized, suggesting that this mode
of communication can supply information about gender
and reproductive state (Raymer et al. 1985). Microbial
action influences the relative composition of volatile
anal sac secretions (Raymer et al. 1985), as has been dem-
onstrated for some other canid species (Albone and
Perry 1976; Preti et al. 1976).

The roles of anal sac secretions in wolf communica-
tion may be varied. The common greeting position, in
which two individuals stand head to tail, suggests an
interest in anal sac odors. The more dominant animal
holds its tail away from the body, and the more subordi-
nate holds its tail close, covering the anal area (Mech
1970). However, it also is possible that the odorant in-
volved in this behavior is generated by the circumanal
glands, sebaceous glands associated with hair follicles
surrounding the anus (Parks 1950). The possible involve-
ment of circumanal gland or anal sac secretions in re-
productive communication is suggested by the observa-
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tion that female wolves rarely investigate another wolf’s
anal area except during the breeding season (C. S. Asa,
unpublished data).

It was long thought that anal sac secretions were pas-
sively deposited on feces during defecation. However, in
a study of wolves whose anal sac contents were labeled
with an inert dye, anal sac secretions were found on
a surprisingly small percentage of feces (Asa, Peterson
et al. 1985; Asa, Mech, and Seal 1985). In addition, the
presence of secretions was not related to the firmness of
the stool. However, adult males, especially the breeding
male, deposited anal sac secretions more frequently
when defecating than did females or juveniles, indicating
a scent-marking function.

Another function of anal sac secretions has been de-
scribed for the domestic dog, in which the sac contents
are forcibly expelled during acute stress (Donovan
1969). A cornered male captive wolf also sprayed anal sac
contents, and the presence of anal sac secretions on the
floor of the enclosure was confirmed (Asa, Peterson et al.
1985).

The odor of sprayed anal sac secretions seems much
more intense than that of secretions on feces (C. S. Asa,
unpublished data). It may simply be that more secretion
is sprayed than is applied to feces, or the most pungent
elements may be the most volatile and disappear rapidly.
Indeed, the odor does dissipate rapidly (in about 15 min-
utes), as judged by the human nose, from spots sprayed
by domestic dogs (C. S. Asa, unpublished data). Thus se-
cretions on feces investigated after that amount of time
may be less pungent. It is also possible that different
components are contained in the spray expelled during
acute stress. Thus the message in anal sac spray (alarm)
may be different from that on feces.

Conceivably, the same type of tissue that comprises
the anal glands may make up the mid-dorsal line on
wolves, for a tumor in that area on a captive wolf was his-
tologically similar to anal gland tissue (L. D. Mech, per-
sonal communication).

Preputial Glands

The preputial glands that line the opening of the penile
sheath and the vulval folds are a likely source of sexual
odors in wolves, as has been described for boars (Dutt
etal.1959). The production of preputial gland secretions
in male dogs is stimulated by androgens and inhib-
ited by estrogens (Sansone-Bassano and Reisner 1974;
Van Heerden 1981), a finding that implicates these secre-

tions in reproductive communication. Their composi-
tion may be modified by bacterial activity as they adhere
to the hairs at the tip of the penile sheath (Ling and Ruby
1978).

Females sometimes sniff and lick the preputial area
during breeding activity, but more commonly, male
wolves have been seen standing over subordinate males,
apparently presenting this area for investigation (Mech
2001b; C. S. Asa, unpublished data). This behavior sug-
gests that the more dominant male may be advertising
his hormonal condition or reinforcing his social posi-
tion relative to the subordinate male. Nevertheless, sim-
ilar “standing over” has been observed between wolves
of all combinations of gender and age (Mech 2001b).

Preputial secretions of male mice and pigs are attrac-
tive to females of those species (Signoret 1970; Bronson
and Caroom 1971) and elicit aggression from other males
in mice (Jones and Nowell 1973). There are no data re-
garding differential reactions by gender in wolves. Pre-
putial secretions may also play a role in scent marking,
because they are washed into the urine and so incorpo-
rated into the urine marks of dogs (Huggins 1946).

No studies of wolves or other canids have considered
the possible significance of preputial gland secretions in
females. In female rodents, however, estrogen stimulates
preputial gland secretions that are attractive to males
(Pietras 1981). The secretions produced by these glands
(associated with the clitoris) in estrous female wolves
may contribute to the attractiveness of the perineal area
to males. Treatment of female wolves with testosterone
resulted in clitoral enlargement and production of a
copious exudate resembling male preputial secretions
(C.S. Asa, unpublished data).

Although preputial gland secretions are most appar-
ent in adult male wolves, these glands appear to be active
in young pups as well. The preputial area is noticeably
swollen in both male and female pups and secretes a
creamy fluid held on long, wispy hairs. These secretions
are attractive to female wolves, who lick the area and
stimulate urination (C. S. Asa, unpublished data). The
swelling gradually recedes during the first month or two
of life, its size perhaps being inversely related to the fre-
quency of spontaneous urination.

Vagina

The wolf vagina and uterus also secrete substances that
play a role in reproductive communication. Under es-
trogen stimulation during proestrus and estrus (see



Packard, chap. 2, and Kreeger, chap. 7 in this volume),
blood flows from the uterus through the vagina, where
it incorporates vaginal secretions. This proestrous san-
guinous discharge lasts an average of 6 weeks, as assessed
by vaginal swabbing (Asa et al. 1986). This discharge
communicates the reproductive state of the female wolf
and is obviously attractive to males even from consider-
able distances. Males eagerly sniff and lick the vulval area
of estrous females (see Packard, chap. 2 in this volume).

Male interest in urine may also be influenced by vagi-
nal secretions. Because of the position of the urethra
within the vaginal canal, vaginal secretions are undoubt-
edly incorporated into urine. Male dogs show an un-
equivocal preference for vaginal secretions of estrous
versus nonestrous females (Beach and Merari 1970; Doty
and Dunbar 1974). A compound isolated from the vagi-
nal secretions of estrous female dogs, when applied
to anestrous or spayed females, elicited sexual arousal
and mounting attempts by males (Goodwin et al. 1979).
However, even though the same compound was iden-
tified in the urine of a female wolf during the breeding
season, the compound did not elicit a response when
presented to a male wolf (E. Klinghammer, personal
communication). This finding suggests that other com-
ponents of the vaginal secretions or the context— that
is, other features of an estrous female—are important
sources of information in wolves.

Saliva

Saliva may also contain information on gender or repro-
ductive state (e.g., Booth 1972; Booth et al. 1973; Doty
et al. 1982). Male dogs more frequently sniff and lick the
muzzles of females than of males (Dunbar 1977). Saliva
contains high concentrations of hormones (proges-
terone: Luisi et al. 1981; testosterone: Baxendale et al.
1982; cortisol: Walker et al. 1978). The ritualized muzzle-
licking performed by pack members (see Packard,
chap. 2 in this volume) could not only convey olfactory
information, but might also transfer small amounts of
hormone. Although this behavior has not reported for
wolves, red foxes draw branches through their mouths,
presumably to anoint them with saliva (Macdonald
1979). Alternatively, muzzle-licking may relate to seba-
ceous secretions on the lips.

Social grooming also transfers saliva, possibly accom-
plishing olfactory marking of the partner. Transfer of
saliva is perhaps most common between mother and
young. The mother regularly licks her pups, both to
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clean them and to stimulate urination and defecation,
leaving traces of her saliva behind. The pups also leave
saliva on the mother’s nipples, perhaps marking a nipple
with an odor signature and providing the basis for “nip-
ple fidelity.” Further evidence for the role of saliva dur-
ing the development of social behavior comes from
studies of the Mongolian gerbil. Block et al. (1981) found
that chemical messages contained in saliva facilitate the
formation of social bonds between mother and young,
among siblings and peers, and between sexual partners.
During greetings that involve head contact, volatile sub-
stances excreted through the lungs may also mediate ol-
factory communication (Whitten and Champlin 1973).

Feces

Wolves may use feces, with or without streaks of anal sac
secretions, in territorial marking (Peters and Mech
1975b; Vila et al. 1994). Captive wolves left most feces
near the gate where keepers entered their enclosure,
which was possibly perceived as a point of intrusion
(Asa, Peterson et al. 1985). In the wild, feces are more
common along trails and roads, particularly at junctions
(Peters and Mech 1975b; Vila et al. 1994). This evidence,
together with the observation that feces often are placed
on conspicuous objects, implies that they are used in
scent marking.

Similar conclusions have been reached for other
canids (e.g., dingoes; Corbett 1995). A more dramatic ex-
ample of intentional placement is shown by some male
dogs (and fewer females) that use a type of “handstand”
to elevate the hindquarters during defecation, ostensibly
to deposit feces on a vertical object such as a tree or fence
(Sprague and Anisko 1973).

Urine
Although glandular secretions, feces, and saliva may
provide important modalities for information exchange,
the best-studied means of olfactory communication in
canids is urine marking. In fact, canid scent marking is
often considered synonymous with urine marking. And
though numerous reviews of urine marking have de-
bated its function, most agree that spacing is its primary
function for most species (for reviews see Ralls 1971;
Eisenberg and Kleiman 1972; Johnson 1973; Gosling 1982;
Doty 1986).

Kleiman (1966) postulated that scent marking may be
a response to unfamiliar or frightening surroundings.
According to this theory, the animal creates familiarity
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and reassures itself by permeating the area with its own
scent. Such fear-induced urination may have provided
the initial conditions for the evolution of a urine-based
spacing system, and may still be an important proximate
factor stimulating the production of scent marks.

Dogs (Hart 1974a; Bekoff 1979b), coyotes (Bowen and
Cowan 1980; Wells and Bekoff 1981), and wolves (Peters
and Mech 1975b) mark more frequently or vigorously in
areas of intrusion where the scent of conspecifics, or
even of other canid species (Paquet 1991a), is present.
Male dogs also mark more frequently in unfamiliar than
familiar areas (Bekoff 1979b). Wolves may also avoid
areas with alien scent (Peters and Mech 1975b; Peterson
1977). Whether driven by uneasiness, fear, or aggression,
scent marking can reduce the risk of injury and reduce
the energetic cost of aggressive encounters by allow-
ing individuals to assess one another or the situation
and perhaps avoid combat (Gosling 1982). Wolves mark
more frequently along the boundaries of their territories
than in the interior, creating an “olfactory bowl” (see
Mech and Boitani, chap. 1, fig. 10 in this volume; Peters
and Mech 1975b).

The posture that canids use for marking with urine
also conveys a visual message, making it easy to recog-
nize, even for humans. Everyone has seen a male dog
raise its leg to urinate, usually on a vertical object. For
male dogs, just the sight of another male in the raised-leg
urination (RLU) posture is sufficient to elicit urination
(Bekoff 1979b). The function of the RLU in marking is
probably to place the scent so as to maximize the chance
of its detection by conspecifics (i.e., at nose level). For
dogs, the height of the scent mark may reflect the stature
of the marker (Lorenz 1954), which may explain why
some dogs sometimes overreach themselves, rotating
their bodies to raise their legs so high they almost topple
over.

Well studied in the dog, the development of this
raised-leg posture in the male is under testosterone con-
trol, first appearing during puberty (Beach 1974; Ranson
and Beach 1985). Urine marking with a raised leg is less
common among female than among male dogs (Sprague
and Anisko 1973), although breeding female wolves
regularly mark year-round with flexed-leg urinations
(FLUs) (Peters and Mech 1975b; Asa 35 al. 1985, 1990).
The typical raised-leg urination posture of the female,
the FLU, is somewhat different from the RLU of the
male. One leg is lifted slightly forward, or flexed, while
squatting, a position that restricts placement of the scent

mark. In studying females, it may be more relevant to
determine whether or not the urination is “oriented”
than to rely on detecting the sometimes subtle FLU.

In a detailed study of the ontogeny of urinary pat-
terns, domestic dog puppies required maternal stimula-
tion to urinate during the first few weeks of life (Ran-
son 1981), corresponding to the wolf denning period.
Dog pups began spontaneous urination at about 3 weeks
of age, the age when wolf pups begin emerging from
the den (Mech 1970). This pattern suggests that urinary
development in the dog has been conserved and re-
flects the ancestral function of maintaining a clean
den. The juvenile urination postures are similar in dogs
and wolves: males stand, slightly stretched, and females
squat.

The adult pattern, however, is much more complex in
wolves. The onset of urine marking at puberty is similar
to that of the dog, but is expressed only by dominant
males. Subordinate male wolves continue to use the ju-
venile standing posture throughout adulthood (Asa et
al. 1990), but exceptions may occur if they challenge the
dominant male. This observation suggests that virtually
all male dogs consider themselves dominant.

Testosterone is necessary, but not sufficient, to permit
raised-leg urination in male wolves. That is, the interac-
tion of social status and the male hormone is required to
activate the behavior. Interestingly, though, the expo-
sure to testosterone is required only during fetal devel-
opment; even if castrated as pups, dogs (Beach 1974;
Ranson 1981) and wolves (L. D. Mech, unpublished data)
still show the raised-leg posture at the time of puberty.
Testosterone is thus necessary for the organization, but
not the activation, of the behavior.

The first expression of urine-marking behavior by
male dogs, whether castrated or not, is preceded by an
increased interest in sniffing vertical objects, suggesting
that the pup’s perceptions of his sensory world change as
he reaches puberty, and that the RLU is a response to
those perceptions (Ranson and Beach 1985).

Female wolves are much more likely to urine-mark
(with FLUs) than are female dogs, but again, social sta-
tus is pivotal. As with male wolves, only the dominant
female urine-marks. Female wolves mark less regularly
than males (Peters and Mech 1975b; Asa, Mech, and Seal
1985, Asa et al. 1990), but both sexes use their marking
posture year-round (Mech 1991b, 1995d). Although fe-
male dogs are not as likely as female wolves to urine-
mark, the frequency of dog squatting urination does



increase dramatically during estrus (Beach 1974; Anisko
1976).

In both wolves and dogs, males urine-mark signifi-
cantly more often than females. The strength of this
drive in males can be deduced from several lines of evi-
dence. For males, urine marking may not even be as-
sociated with the passage of urine. They will continue
to raise a leg, as if to mark, even when the bladder is
empty (“pseudo-urination”: see Bekoff 1979b; Harring-
ton 1982a). Furthermore, anosmic male wolves contin-
ued to urine-mark at typical levels in spite of their in-
ability to smell (Asa et al. 1986).

Wolves of both sexes urine-mark more often during
the breeding season. However, captive females tend to
mark less during the summer, even though females in
the wild continue FLUs year-round (Mech 1991b, 1995d).
RLU rates in males are correlated with seasonal changes
in serum testosterone. Interestingly, the urine-marking
behavior of female wolves also appears to be influenced
by testosterone, not estrogen (Asa et al. 1990). The wolf’s
seasonal pattern of urine marking contrasts with that of
dogs, which show no seasonal trend in marking or in cir-
culating testosterone. This aseasonality no doubt arises
because female dogs can enter estrus at any time of the
year (Christie and Bell 1971b).

The chemical composition of wolf urine differs be-
tween males and females and between breeding and
nonbreeding seasons (Raymer et al. 1984, 1986). The ad-
ministration of gonadal hormones to both male and fe-
male wolves demonstrated their important role in these
differences (Raymer et al. 1986). Treating castrated male
wolves with testosterone resulted in increases in many
urinary components that are typically high during the
breeding season (table 3.5). However, treating spayed fe-
male wolves with estradiol and /or progesterone resulted
in fewer changes in urine composition. These studies
suggest that wolf urine carries a message about gender
and reproductive condition. Dogs and wolves can also
discriminate between the urine of individual conspe-
cifics (Brown and Johnston 1983).

Not only do the urine-marking rates of dominant
male and female wolves increase during the breeding
season, but their marks often overlay each other (Peters
and Mech 1975b). First one wolf marks, then the other
sniffs the mark and marks close to the other’s mark, and
sometimes each marks two or three times (L. D. Mech,
unpublished data). Double or tandem marking appears
to be related in some way to formation and maintenance
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TABLE 3.5. Some chemical constituents elevated in the urine of
intact male wolves during the breeding season and in castrated
male wolves treated with testosterone

Ketones Sulfur compounds

4-Methyl-3-heptanone
3,5-Dimethyl-2-heptanone

Methyl propyl sulfide
Methyl isopentyl sulfide
3,5,7-Trimethyl-2-nonanone

3,5-Dimethyl-2-decanone

2-Heptanone

Source: Raymer et al. 1986.

of the pair bond. The frequency of double marking is
highest in newly formed pairs (Rothman and Mech
1979). Furthermore, a captive, anosmic female did suc-
ceed in becoming dominant, but urine-marked with the
dominant male at a significantly lower rate than in other
pairs. She did not appear to bond with the dominant
male, since she showed few of the proximity-related be-
haviors characteristic of other pairs (Asa et al. 1986). In
another captive wolf colony, reduced rates of double
marking were associated with failure to bond and repro-
duce (Mertl-Millhollen et al. 1986).

In dogs as well, investigation of the opposite sex or its
urine stimulates further urinations (Dunbar 1977). Fur-
thermore, the stimulus value of estrous female urine is
progressively diminished by increasing quantities of
male urine (Dunbar and Buehler 1980). Males show less
interest in the urine of an estrous female if it also con-
tains the urine of another male. This effect cannot be at-
tributed to dilution, because addition of the same quan-
tity of water rather than male urine does not have the
same effect. This finding suggests that overmarking by a
male reduces the chances of another male perceiving
that an estrous female is in the vicinity, or announces
that she is already paired. In wild wolves, the mere prox-
imity of both adult male and adult female urine proba-
bly has the same effect, for usually male and female urine
fall many centimeters apart (L. D. Mech, unpublished
data).

Thus, it appears that urine marking in both males and
females is primarily related to reproduction, advertising
proestrus and estrus and establishing a pair bond in both
sexes. A pair’s double marks may serve a triple purpose:
to a partner they convey a courting message, to single
wolves they indicate a mated pair, and to other pairs they
warn against territorial intrusion (Peters and Mech
1975b; Rothman and Mech 1979).
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A particular feature of female wolf reproductive phys-
iology associated with urine marking that may facili-
tate pair bonding is the relatively long proestrous period
(average 6 weeks: Asa et al. 1986) compared with that of
the dog (1 week: Christie and Bell 1971a). Proestrus is
preceded by a transient increase in testosterone and ac-
companied by elevated estrogen. During proestrus, vagi-
nal secretions washed into the urine, coupled with the
increased frequency of urination, render the female at-
tractive and appear to stimulate double marking. This
is probably an important time for the female in evaluat-
ing the suitability of the male as a mate and in cement-
ing their commitment. Yet, although proestrus and
estrus may be focal times for exchange of olfactory in-
formation between the male and female, wolves in the
wild can pair-bond at any time of year and double mark
year-round) (L. D. Mech, unpublished data).

The importance of odor in male mating behavior has
been shown by experiments that eliminated the sense of
smell in selected wolves (Asa et al. 1986). During three
breeding seasons, neither of two sexually inexperienced,
anosmic males sniffed or licked the urine or vaginal se-
cretions of their female partners. Neither did they re-
spond to the females’ solicitations to mate. A sexually ex-
perienced male behaved similarly during his first year of
anosmia, but in subsequent years he responded to the
sexual invitations of his partner, copulated, and sired
pups. He did not show interest in his mate’s urine, but
he did lick her genital area when she presented and de-
flected her tail. Thus, males require olfactory informa-
tion from proestrous or estrous females to stimulate the
full complement of sexual behavior. However, after sex-
ual experience, the importance of olfaction is reduced
and visual or social cues may suffice, demonstrating the
role of learning.

The effect of anosmia on a female wolf was different.
The female copulated normally despite her prior lack of
sexual experience. Her maternal behavior appeared un-
affected, although, because she was captive, we could not
confirm that for all maternal behaviors (Asa et al. 1986).

Wolves also use urine marking as part of a “food in-
ventory” system. As has been demonstrated for red foxes
(Henry 1977) and coyotes (Harrington 1982b), wolves
may keep track of the status of cached food by urine-
marking caches that have been emptied, thus making
more efficient use of their foraging time (Harrington
1981). It is notable, however, that wolves do not mark all
of their caches after emptying them (L. D. Mech, un-
published data).

Scent Rolling

The tendency of wolves to roll on pungent substances is
difficult to explain (reviewed by Reiger 1979). This ritu-
alized behavior involves lowering the head and shoul-
ders onto the substrate, followed by rubbing the chin,
cheeks, neck, shoulders, and back on the odorous sub-
stance. Natural stimuli for scent rolling, such as rotten
carcasses, typically have very strong odors that humans
find offensive.

Tests with captive wolves have resulted in extensive
lists of potential scent-rolling stimuli, both natural and
unnatural (Goodman 1978; Ryon et al. 1986), but they
have not conclusively demonstrated the function of this
behavior. Possibilities include (1) familiarization with
novel odors or changes in odors (Fox 1971a; Ryon et al.
1986), (2) strongattraction or aversion to particular odors
(Ryon et al. 1986), (3) concealing one’s own scent with
something more pungent (Zimen 1981), and (4) making
oneself more attractive by applying a novel odor (Fox
1971a). Female African wild dogs roll in the urine of
males whose pack they are attempting to join, perhaps to
coat themselves with an odor that would be familiar to
the pack and increase the chances of acceptance (Frame
et al. 1979).

The Message

As we have seen, glandular secretions and excretory
products can carry a wide range of information. Our
own olfactory limitations undoubtedly prevent us from
fully appreciating the olfactory realm of canids. To have
a wolf’s nose for only a day would surely reveal a whole
new world. But even from our limited perspective, stu-
dies have demonstrated that wolves’ olfactory messages
can contain information on species, individual identity,
age (i.e., infant, pre- vs. post-puberty), gender, social
rank, and sexual status. The odors involved in these mes-
sages are called either “releasing” or “signaling” phero-
mones (Wilson and Bossert 1963; Bronson 1968).

One characteristic of these olfactory messages is that
they are honest signals. Most are the result of physiolog-
ical and bacteriological processes that the wolf has little,
if any, control over. A male under social stress will ex-
crete elevated levels of corticosteroids in his urine for
any other wolf to “read” (McLeod et al. 1996). A female
in search of a mate may consequently find him unattrac-
tive, based on her investigation of his urine. Scent rolling
may be an attempt to change an animal’s olfactory “im-
age” (see above), but if so, we have no data to indicate



that it succeeds. However, if wolves cannot modify their
scent signals, they can at least limit their distribution.
Observations from both the wild (Peters and Mech
1975b) and captivity (F. H. Harrington, unpublished
data) indicate that subordinate wolves urinate infre-
quently and in areas less likely to be visited by other
wolves. Dominant wolves, on the other hand, tend to
urine-mark frequently and widely.

Another aspect of olfaction that has been best studied
in rodents involves the action of odors on the physiology
of the recipient, especially on reproductive processes.
Such odors, called primer pheromones, can accelerate or
delay puberty, induce, synchronize, or suppress estrus,
and interrupt pregnancy (reviewed by Vandenbergh
1988). Hradecky (1985) has suggested that these phe-
nomena may also be at work in wolves.

However, the evidence from wolves does not support
this hypothesis. The failure of reproduction in subor-
dinate wolves can be explained by social suppression
(Packard et al. 1983, 1985) and incest avoidance (D. Smith
et al. 1997). Furthermore, reproductive parameters, in-
cluding the gonadal hormone profiles of both males and
females, testicular development, sperm production, and
ovulation, are not affected by social status or by anosmia
(Seal et al. 1979; Asa et al. 1986). Anosmic female wolves
can even conceive, give birth to, and care for young (Asa
et al. 1986). This independence of reproductive physiol-
ogy from the direct influence of social status may give fe-
male wolves the ability to respond quickly to changes in
reproductive opportunity that take place during the rel-
atively short breeding season.

Similarly, there is no evidence to relate the physiolog-
ical changes in reproductive systems that occur season-
ally to pheromonal communication or coordination.
That these changes occur so predictably at the same time
each year, in widely spaced females, argues for an en-
vironmental cue (i.e., day length). However, anecdotal
observations from dog colonies suggest an exception.
Although dogs do not have a defined breeding season,
colony females often have synchronous estrous periods
(P. W. Concannon, personal communication). A new es-
trous female introduced into a colony can even trigger
estrus in the others. Domestic dogs belonging to people
working at our wolf colony began to cycle in synchrony
with the wolves (C. S. Asa, unpublished data). These ob-
servations suggest that group-living female canids might
have relatively synchronous estrous periods driven by
pheromonal communication as well as environmental
cues.
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Signal Transmission

An advantage of olfaction over other modes of commu-
nication is that messages can be detected long after they
are left, much like a bulletin-board posting. Information
about the passage of time since deposition can also be
incorporated, as odor intensity wanes and components
evaporate at different rates. Urine, feces, and footpad
odors can all be left for later detection. In contrast, trans-
mission of information through saliva or skin glands is
typically direct, with the recipient sniffing the source,
not a scent mark. Preputial, vaginal, and anal sac secre-
tions apparently can be used in either context; that is, left
or sniffed directly.

Rates of evaporation of volatile molecules such as those
found in wolf odors are affected by many factors, includ-
ing the compound’s molecular weight (MW). Because
compounds with lower MW are more volatile, they are
good candidates for olfactory signals (“pheromones”).
However, larger, heavier molecules stimulate the olfac-
tory system more efficiently (Dethier 1954). Thus, a bal-
ance must be struck: the signaling molecule must be
small (i.e., volatile) enough to vaporize under local con-
ditions, but large enough to cause an olfactory response.
Wilson and Bossert (1963) have hypothesized that the
MW range of pheromonal compounds is 80 —300.

Interestingly, the average MW of gonadal steroid
molecules, such as estradiol, progesterone, and testos-
terone, is about 250, suggesting that hormone molecules
in glandular secretions might serve as pheromones.
Even though hormones are excreted in urine as much
larger complexes, enzymes in urine can return the mol-
ecules to their original form (Whitten and Champlin
1973). In fact, receptors for estradiol have been found
in the olfactory epithelium of the rat (Vannelli and Bal-
boni 1982). Furthermore, the rich capillary bed of the
nasal epithelium can absorb hormones directly into the
bloodstream (Chien 1985).

Environmental factors and odor substrates also play
critical roles in the rate of transfer of olfactory messages.
Increases in temperature, air currents, or relative hu-
midity result in increased evaporation. However, sur-
faces that are porous or that have a polar charge can sig-
nificantly slow vaporization, as can the presence of lipids
or sebum from sebaceous glands (Regnier and Goodwin
1977). The deposition of urine on elevated vertical struc-
tures may both enhance its detection, by increasing the
evaporative surface at nose height, and prolong its po-
tency, by protecting it from dilution by rain and dew.
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Signal Reception

Clearly, wolves have a wide variety of sources of olfactory
information at their disposal, and these sources may
provide them not only with current information about
their packmates and competitors, but also with a histor-
ical record of the movements of both packmates and
strangers during the recent past. It is also obvious that
wolves spend much of their time investigating these
odors, and they appear to use the information they con-
tain as they decide on future behavior (Peters and Mech
1975b; Peters 1978). The ability of wolves to utilize odors
with such apparent sophistication requires both a sensi-
tive receptor system and a complex neural center.

The Olfactory System

Inside the nose of the dog, and presumably the wolf, the
surface containing the olfactory receptors is much en-
larged by extensive folding supported by a thin, bony
structure (Hare 1975). This feature accommodates an es-
timated 280 million olfactory receptors, more than the
number of visual receptors in the retina (Wieland 1938,
cited in Moulton 1967). Nerve fibers from the olfactory
receptors project to the brain’s olfactory bulb.

The relative importance of olfaction to the dog as
compared with various other species can be indirectly
surmised from the percentage of nasal epithelium de-
voted to olfaction as opposed to respiration (table 3.6).
Among several common species evaluated, only the cat
has proportionately more nasal epithelium devoted to
olfaction than the dog.

The main olfactory system just described is one of
three olfactory systems possessed by the wolf. The oth-

TABLE 3.6. Comparison of the absolute surface areas of the
respiratory and olfactory epithelia and the ratio of respiratory to

olfactory surface areas for various mammalian species

Respiratory Olfactory
Species surface (cm?) surface (cm?) Ratio®
Guinea pig 2.08 1.12 1.85
Rat 1.60 1.12 1.33
Cat 6.08 5.76 1.06
Dog 12.08 9.76 1.23
Monkey 9.76 4.16 2.34
Human 10.40 3.08 3.37
Sheep 33.00 8.84 3.73

Source: Adapted from Dieulafé 1906.
“The lower the ratio, the greater the importance of olfaction to the species.

ers, the accessory and trigeminal systems, are less under-
stood. The relative roles of the main and accessory sys-
tems in wolf communication have not been clearly dis-
tinguished. The accessory system, which receives signals
from the Jacobson’s or vomeronasal organ (VNO), is
thought to mediate sexual response in some species
(Estes 1972; Scalia and Winans 1975; Wysocki 1979).

Although the VNO of the dog is well developed
(Adams and Wiekamp 1984), a definite function for this
organ is not known. Many mammals perform a behav-
ior known as “flehmen,” or lip curl, which is thought
to help transfer molecules from urine or glandular
secretions into the VNO. Although wolves and other
canids do not shown flehmen after contacting urine or
vaginal secretions, they do rapidly and repeatedly press
the tongue against the roof of the mouth just behind the
front teeth (Asa et al. 1986), the site of the nasopalatine
ducts that open into the nasal cavity near the VNO.

Pathways from the VNO via the accessory olfactory
bulb reach areas of the brain associated with sexual be-
havior and stimulation of gonadotropic hormones. In
sexually naive male wolves, surgical transection that
blocks both the main and accessory olfactory systems
interferes with the ability to court and mate (Asa et al.
1986). However, removal of only the vomeronasal or-
gans does not affect sexual behavior (C. J. Wysocki et al.,
unpublished data). These results suggest that the main,
but not the accessory, olfactory system is important in
the sexual response of male wolves, especially those that
have not learned to use other cues.

Scent rolling also appears to involve the main rather
than the accessory olfactory system. Following VNO re-
moval, wolves continued to respond to a fish odor by
typical rolling, whereas wolves whose main olfactory
systems had been blocked did not (C. S. Asa, unpub-
lished data).

The trigeminal system may also be involved in scent
rolling. With receptors in both the olfactory and res-
piratory epithelium, this system responds primarily to
noxious chemicals and probably prevents the organism
from inhaling something potentially dangerous by in-
voking protective reflexes (Allen 1937). This combina-
tion of triggering by pungent odors and a reflex reaction
is consistent with scent rolling. However, trigeminal sys-
tems typically evoke evasive responses.

Olfactory Sensitivity
To gain insight into the sensitivity of a wolf’s nose, it is
useful to turn again to information about the dog and to



assume that wolves are at least as sensitive as dogs. Dogs
are a hundred to millions of times more sensitive than
humans in perceiving odors (Neuhaus 1953; Moulton
and Marshall 1976; Marshall and Moulton 1981). This
superior olfactory ability may be explained by noting
that, although the same proportion (1—2%) of the mole-
cules that enter the nose reach receptors in each species,
(1) dogs have a much greater olfactory receptor area;
(2) dogs probably have proportionately more active
receptors, so that an odor molecule is much more apt
to reach a binding site; (3) the dog’s olfactory bulbs
are considerably larger; (4) dogs can better discriminate
among different odors and resolve complex mixtures
into components; and (5) the resulting increased re-
liance by dogs on olfaction probably results in more ef-
ficient sniffing and attention to odors (Marshall and
Moulton 1981).

The Role of Olfaction in Hunting and Tracking

The sensitivity and discriminatory powers of the canid
olfactory system are demonstrated not only by its im-
portant role in social communication, but also by its use
in hunting (see Peterson and Ciucci, chap. 4, and Mech
and Peterson, chap. 5 in this volume). Again, much of
our information relating to the use of olfaction in hunt-
ing comes from the dog, particularly tracking dogs. Al-
though little of this information is based on controlled
scientific studies (e.g., Brisbin and Austad 1991, 1993),
much trackers’ lore (e.g., Budgett 1933; Syrotuck 1972;
Pearsall and Verbruggen 1982) can provide insight into
the mechanisms involved. Hypotheses to explain the
cues used by tracking dogs include scent on the substrate
or in the air, the odor of crushed vegetation, and odor
“rafts” falling from the animal being pursued. These
“rafts” consist of sloughed skin cells, sometimes with
odor enhanced by bacteria, that continually fall from liv-
ing animals (Marples 1969); they presumably can be de-
tected by canids (Syrotuck 1972).

Whatever the odor source, dogs and wolves probably
use similar strategies when tracking prey. For example,
they may catch an airborne scent or a trail on the ground
and follow it directly, but more commonly have to cast
about to locate and stay on the scent. By criss-crossing
scent trails, tracking dogs might avoid adapting to an
odor, which could result in their losing it (Wilson and
Bossert 1963). Casting might also allow them to keep as-
sessing the odor gradient, with the concentration being
strongest in the center of the trail.
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Mech (1966b) reported that 43 of 51 hunts by a wolf
pack on Isle Royale involved detecting moose by di-
rect scenting. Lone wolves also seemed to locate prey
by odor. Commonly, the wolves detected moose within
300 yards if the wolves were downwind. However, they
once scented a cow with twin calves from about 2.4 km
(1.5 mi) away. Wolves in Minnesota also seem to locate
deer by odor (Mech 1970).

Indeed, the popular consensus regards olfaction to
be of paramount importance for hunting (i.e., Asa and
Mech 1995; Mech 1995e). However, it should be re-
marked that no experimental research has compared the
senses used in hunting by wolves. Experimental research
with captive red foxes (Osterholm 1964) and coyotes
(Wells 1978; Wells and Lehner 1978) found vision to be
most important during hunting, followed by audition
or olfaction, depending on conditions. If olfaction is
truly predominant for wolves, its importance probably
reflects the low density and wide dispersal of their large
ungulate prey in forested habitats. For wolves, visual in-
formation may predominate in open plains and tundra
habitats, and at close quarters.

Visual Communication
The Importance of Vision in Communication

Visual communication is probably every bit as impor-
tant to wolves as acoustic and olfactory communica-
tion. In fact, our knowledge of the latter two systems has
usually been acquired by careful observation of the vi-
sual signals that accompany sounds and smells. Yet in
some respects, visual communication has been the more
difficult to describe objectively. Vocal signals are dis-
crete, occur in temporal sequence, and can be physically
“captured” and measured with relative ease. Olfactory
signals, as we have mostly studied them to date, have
been reduced to the level of their visual appearance:
scent marks and scent-marking behavior. We know little
about the chemical composition of these signals. Visual
signals, however, come and go in less obvious fashion
and might consist of the simultaneous movement of
most body parts from nose to tail. Consequently, we
have usually relied on our ability to detect patterns in
these otherwise complex stimuli, which gives us a good
“feel” for the basic patterns, but less than an intimate
knowledge of the details—although that is changing.
Analyses of wolf visual communication have followed
the lead of Darwin (1872), who felt that aggression and
submission were the two central motivational states in
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animals. His principle of antithesis holds that when ani-
mals express opposing emotional states, the signal ele-
ments used to express those states are also opposites.
As Morton (1977) did in his motivation-structural rules
for vocalizations, Darwin organized expressive behavior
along axes of fear and aggression, with each axis indicat-
ing the level of emotional arousal.

The “Elements” of Visual Communication
and the Principle of Antithesis

Schenkel (1947) first described visual communication
in the wolf. He noted that features, or “elements,” of
the face (ears, eyes, lips, teeth, nose, and forehead), the
body (posture, hair), and the tail are important com-
ponents of visual signals, while facial and body color-
ation often enhance a signal’s value (Schenkel 1947; Fox
1969; Fox and Cohen 1977). Variation in each element
was presumed to express variation in underlying moti-
vation along a continuum from aggressive/confident to
submissive /anxious (table 3.7).

Aggressive or self-assertive individuals are character-
ized by a high body posture, enhanced by raised hackles
and general piloerection along the back and the tail
(Schenkel 1947). The legs are held stiffly, and movements

are slow and deliberate. These dominance signals reflect
the wolf’s readiness to attack, with other visual elements
enhancing the its size and fully displaying its teeth. Pos-
tures indicating submission or fear represent prepara-
tions for defense or flight, with visual features reducing
the animal’s apparent size and hiding its teeth. Submis-
sive animals carry the body low, sleek the fur, and lower
the ears and tail.

Schenkel (1947, 98) called the tail the “most dynamic”
of the visual elements (fig. 3.1). It may increase an in-
dividual’s apparent size, and may also give it a mechani-
cal advantage in the event of a fight (Schenkel 1947).
In addition, elevating the tail exposes the anal region.
Wagging of the tail conveys friendliness, and submissive
wolves may enhance this signal by moving the hindquar-
ters as well; slow, stiff movements of the tail or tip indi-
cate an aroused state that might lead to attack (Schenkel
1947; Zimen 1981).

Recently, van Hooff and Wensing (1987) distin-
guished three distinct postural attitudes used by wolves
during social interactions: “high,” “neutral,” and “low.”
The high and low postures were based on opposite ex-
pressions of the head, ears, tail, and legs, following the
above descriptions. Of their twenty-one behavioral mea-
sures, high and low postures were among the few that

TABLE 3.7. Expressive characteristics of visual features used during social interactions

in wolves
Expression
Feature Aggressive Fearful
Eyes Direct stare Looking away
Open wide Closed to slits
Ears Erect and forward Flattened and turned down to side
Lips Horizontal contraction Horizontal retraction
(“agonistic pucker™) (“submissive grin”)
Mouth Opened Closed
Teeth Canines bared Canines covered
Tongue Retracted Extended (“lick intention”
Nose Shortened (skin folded) Lengthened (skin smoothed)
Forehead Contracted (bulging over eyes) Stretched (smoothed)
Head Held high Lowered
Neck Arched Extended
Hair Erect (bristled) Sleeked
Body Erect/tall Crouched/low
Tail Held high Tucked under body
Quivering Wagging

Sources: After Schenkel 1947; Fox 1970.
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FIGURE 3.1. Schenkel’s model of the motivational bases of tail posi-
tion in wolves. (a) Self-assertion during social interactions; (b) as-
sertive threat; (c) (with lateral wagging) intimidation; (d) normal po-
sition during conditions without social tension; (e) not-quite-certain
threat; (f) normal position (similar to d), especially while eating or
watching others; (g) “depressed” mood; (h) between threat and de-
fense; (i) (with lateral wagging) active submission; (j) and (k) strong
inhibition. (From Schenkel 1947.)

clearly revealed the rank relationships among pack-
mates. This consistency between body attitude and
social relationships indicates that signals of dominance
and signals of submission honestly convey information
about individual wolves at any given instant. Within a
pack, being able to “read” another packmate’s signals
unambiguously benefits both individuals, confirming a
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previously established relationship without the need for
recurring conflict.

Following earlier work by Lorenz (1966), Zimen
(1981) developed a visual model to indicate how the var-
ious elements of the face might change as the underlying
motivation of a wolf changes along fear and aggression
axes (fig. 3.2). Although recent work on motivation indi-
cates that wolves express more than just aggression and
fear in their signals (table 3.8; see Mech and Boitani,
chap. 1 in this volume), Zimen’s model does illustrate a
portion of the range of wolf facial expression. Figure 3.3
depicts the greater range of expressions possible.

Recent study of the development of visual signals fur-
ther underscores the complexity of this mode of com-
munication. Fox (1969, 1970, 1971a,¢,e, 1976) originally
described the general development of visual signals in
canids. McLeod (1987, 1996) and McLeod and Fentress
(1997) studied the way these signals were expressed in
wolf pups between 2 and 12 weeks old. Clustering analy-
ses placed the twelve postural elements studied along
two orthogonal axes, which were labeled dominant-
submissive and playful-serious. In addition, four ele-
ments did not cluster with any others, suggesting that
they may each express a different message. Tail wagging
by older pups, for example, may serve as a metacommu-
nication signal, indicating playful intentions. Thus an
aggressive message indicated by the eyes, ears, and voice
may be “voided” by a wagging tail. Bekoff (1995) has sug-
gested the same role for the “play bow” in canids, in-
cluding wolves. Thus McLeod’s work indicates that even

TABLE 3.8. Results of behavioral studies that identified presumed motivational bases underlying wolf social behavior

Number of Number of Statistical

Motivational clusters identified packs variables method* Reference
Attention /aggression; submission; play; 1 29 pca Colmenares Gil 1983

sexual /friendly; defense/appeasement
Aggression /dominance; defense; sexual; inspection; 2 60 ca, pca Derix et al. 1994

affiliation; play; submission
Dominance; affiliation; agonism; activity; deference 7 27 fa Lockwood 1979
Dominant /submissive; playful /serious 1 12 ca, mds McLeod 1996
Affiliative; dominant; defensive; sexual 2 13 peca Packard 1980
Dominance/subordinance; sexuo-affiliative 1 21 ca Van Hooff and Wensing 1987

Note: For each study, a number of behavioral variables (ranging from 12—60) were quantified during behavioral observations typically carried out over one to several

years. The behavioral variables were then correlated using a number of statistical methods to identify groups or clusters of behaviors that are assumed to share simi-

lar underlying motivations. These groups are named to reflect the motivation expressed in the original behaviors.

“ca = cluster analysis; fa = factor analysis; mds = multidimensional scaling; pca = principal components analysis.
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FIGURE 3.2. Zimen’s model of the motivational
bases of facial expression in wolves. Aggressiveness
(the tendency to attack) increases from left to right,
and fear increases from bottom to top. The facial
expressions shown represent only a sampling of the
many variations possible. Zimen believed that high
levels of fear inhibit the tendency to attack, so the
upper right portion of the model is blank. (From
Zimen 1981.)

FIGURE 3.3. An aggressive interaction between two
males competing for access to the breeding female.
The wrinkled nose, bared teeth, and direct stare indi-
cate that the male on the left is aroused aggressively,
although the tightly clamped teeth suggest that the
animal is not likely to bite (Zimen 1981). The ears in-
dicate the low to moderate level of fear that is ex-
pected of adults when interacting aggressively with
animals of similar size and fighting ability. The
tongue, however, suggests a strong element of friend-
liness behind the animal’s expression, in the form of a
“lick intention” common to active submission. The
male on the right responds to this complex expres-
sion by turning slightly aside, averting his gaze, and
pulling back his ears, signs of fear or submission.
(Photo by K. Hollett.)



in young wolf pups, more than aggression and fear lie
behind visual signals.

Visual Signals

Consistent combinations of visual elements recur in pat-
terns that are recognizable through time and across
individuals. Schenkel (1947, 1967) described a number
of these elements and the contexts in which they occur
(table 3.9). In some cases, these patterns in adults may
resemble behaviors shown by pups, but often in dif-
ferent contexts. These repeatable patterns comprise
visual displays or signals that carry specific messages
and meanings for wolves. In this section, we will indicate
how recent studies have furthered some of Schenkel’s
pioneering work.

Submission

Schenkel (1947, 1967) described two primary visual sig-
nals that occurred in submissive contexts: active submis-
sion and passive submission (see table 3.9). In active
submission, the submissive animal approaches another
wolf in a low posture, slightly crouched, ears back and
close to its head, and tail held low. The submissive wolf
wags its tail or hindquarters and attempts to lick or
mouth the other wolf’s muzzle. Active submission oc-
curs often in “greeting,” during “group ceremonies” in
which dominant wolves become the focus of nuzzling,
licking, and mouthing about the face by other members
of the pack, and as a “nose-push” given by submissive
animals toward dominant ones when they are still a few
meters away.

Passive submission is often a reaction to approach
and investigation by a dominant animal (Schenkel 1947,
1967; Fox 1971¢). The submissive animal lies partly on its
side and partly on its back, with its tail curved between
its legs and its ears flat and directed backward. If the
approaching wolf sniffs the animal’s anogenital area,
the submissive animal may raise its upper leg and ex-
pose more of the belly area. Although he described and
named these two quite different behaviors, Schenkel
(1947, 1967, 319) emphasized that there were many varia-
tions of submissive behavior, representing subtle expres-
sions of mood, between the “extremes” of passive and
active submission.

Van Hooff and Wensing (1987) recently studied dom-
inance and submission in a captive wolf pack, using clus-
ter analysis to organize twenty-one behavioral variables.
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Among them were Schenkel’s categories of active and
passive submission. Active submission was very com-
mon, constituting 3—10% of the 80,000 behavioral acts
recorded; passive submission was less frequent (1—2%).
Along with high and low body postures and retreat,
however, active and passive submission were the best
and most consistent indicators of dominant or submis-
sive status, particularly for indicating the direction of
the relationship between two wolves. A related but even
more detailed study of two captive packs gave similar re-
sults (Derix et al. 1994), confirming Schenkel’s original
descriptions and justifying the labels he gave to them.

Active and passive submission in adults resemble
two very common pup behaviors: the food-begging
that elicits regurgitation and the response of pups to
inguinal licking by the mother that elicits urination
and defecation (Schenkel 1967) (see Packard, chap. 2 in
this volume). This relationship in form illustrates how
motor patterns used in one context early in life may ac-
quire new meaning and function at a later stage. Food-
begging, however, does recur in adulthood as well,
particularly among mothers and yearlings during pup
rearing (Fentress and Ryon 1982; Mech 1995¢,d).

Active and passive submission also illustrate well the
multimodal form of most wolf signals. The visual form
that humans readily recognize, and that wolves perceive
from a distance, is accompanied by vocalizations, touch,
tastes, and odors. It is likely that the relative importance
of these modalities changes developmentally (i.e., taste
[food] and touch [licking] may be central to pups; vi-
sual and vocal stimuli more crucial for adults) and with
context.

Conflict

Strife is a fact of life for wolves. In some wild popula-
tions, inter-pack hostility accounts for the majority of
adult deaths by natural (non-human-related) causes (see
Mech and Boitani, chap. 1, and Fuller et al., chap. 6 in
this volume). Between packs, submissive displays do not
“cut off” attacks; whether a confrontation leads to an
attack with injury or death depends most on how the
combatants are matched. In one case, a lone wolf be-
haved submissively after being caught by a pack, but was
nevertheless attacked and killed (Marhenke et al. 1971).
In another case, a lone wolf was able to escape his single
aggressor before other members of the pack arrived
(Mech 1993a). Zimen (1981) indicated that a captive wolf
that was not inhibited by fear often attacked with little



TABLE 3.9. Behavior patterns used by wolves during social interactions

Behavior pattern® Social context

During less intense dominance /submission interactions

Active submission Subordinate wolf approaches a more dominant individual with lowered (or crouched) body
posture, often directing licking or “licking intention” to mouth of dominant. From a distance
this pattern may be reduced to a “nose-push.”

Anal presentation Raising of tail by dominant wolf to expose anal region upon approach by other individuals of
similar or lower rank.

Anal withdrawal Submissive wolf tucks tail, lowers and moves away hindquarters in response to approach to
hindquarters by more dominant individual.

Fixed stare A dominant wolf directs its gaze toward a rival.

Passive submission Submissive wolf rolls onto side or back in response to approach by dominant individual; rear
leg may be raised and urine may be expressed upon closer inspection by dominant individual.

Riding up Among adult males, a dominant wolf will mount the back of a rival, directing “threat bites”
toward the other’s neck. Both may growl. A third individual may also be “ridden on” by one
male as he directs a threat across its back to another male on the other side.

During more intense dominance/submissive interactions (“ritualized fighting”)
Ambush threat A dominant wolf assumes a low, stalking posture, preparatory to a pounce and sometimes
from cover, oriented toward its subordinate rival.

Bite threat Dominant wolf stares at rival, teeth bared, forehead and nose wrinkled, ears erect, body tense
and hair raised.

Defensive snapping An empty, snapping movement, often accompanied by barking, by a wolf under threat of
attack. The relative orientation of these biting motions to the rival may vary.

During friendly social interactions
Group ceremony (rally) A group activity characterized by localized but active movement and by mutual muzzle nuz-
zling, body rubbing, and whimpering/whining vocalizations. Often precedes other group pack

activities, such as chorus howling or movement away from the current site (i.e., hunting).

Play invitation One wolf approaches another with forequarters lowered (“play bow”) and hindquarters and
tail raised and often wagging.

Standing over One wolf stands over the forequarters of one that is lying down. The lying individual may lick
the genital area of the other.

During courtship

Anal presentation Raising of tail to expose anal region by sexually receptive female upon approach (and inspec-
tion) by courting male(s).

Muzzle nuzzling Head to head contact between a courting pair involving sniffing, rubbing, pushing, and seizing
the other’s muzzle.

Riding up The female places her forelegs on the back of a male. Males other than the highest-ranking

male may reject this behavior while growling.

Source: From Schenkel 1947, 1967.
Note: See also Packard, chap. 2, table 2 in this volume.

“Variation of body elements within each of these named behaviors is often extensive.
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FIGURE 3.4. Moran and colleagues’ summary of the
stable configurations (left column) that occur during
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conflict between two wolves. The three relationships
recorded between the two wolves are distance apart
(measured in wolf body lengths), relative orientation to
each other, and nearest “point of opposition” (closest
body area to opponent). D = displacing wolf (also
termed “superior” or “dominant” wolf by others) on
left; S = supplanted wolf (called “inferior” or “subordi-
nate” wolf by others) on right. Dotted lines about heads
of wolves (when present) represent the range of move-
ment typical of these stable configurations. (From
Moran et al. 1981.)

T

a. Dolted lines represent range of sloble orienlations.

b. Shaded areas indicate range of slable points of opposilion on each interactant.

outward sign of aggressiveness. These observations sug-
gest that the richness of information available in visual
signals may not be as fully expressed or attended to dur-
ing clashes between strange wolves.

Within a pack, however, conflict is restrained; al-
though deaths and serious injuries do occur, they are
rare considering the amount of time the animals spend
together (Mech 1999). Most conflicts are settled rather
quickly by avoidance, mediated by visual and vocal sig-
nals of dominance and submission (Schenkel 1947,
1967). For example, if one wolf encroaches too closely on
another’s “personal space,” a growl through bared teeth
may be all that occurs. In those circumstances in which
conflicts escalate or are prolonged, as might occur be-
tween rivals during the mating season (see fig. 3.3), sig-
nals from a number of modalities may combine into
what is akin to a dance between the opponents.

Schenkel (1947, 1967), Lorenz (1966), and Fox (1969)
have described isolated aspects of these aggressive inter-
actions (e.g., table 3.9), but Moran and colleagues (1978,
1987; Moran and Fentress 1979; Moran et al. 1981; Golani
and Moran 1983) have described the interactions them-
selves. Moran took thirty interactions that fit Schenkel’s
(1947) descriptions of “ritualized fighting” between pack-
mates and measured three variables: relative distance be-
tween individuals, relative orientation of the pair, and
point of nearest opposition, much as one would do if de-
scribing the choreography of a dance. Within an interac-
tion, the two wolves played different roles; one (the dis-
placer) continually harassed the other (the supplanted

animal), which tried to escape while protecting its vul-
nerable flanks and hindquarters.

Moran found four relatively stable configurations
between the two combatants and five transitions that
rather abruptly led them from one configuration to an-
other (fig. 3.4; table 3.10) (Moran et al. 1981; Moran
1987). When the two wolves were more than half a body
length apart, the supplanted wolf usually moved forward
with the displacing wolf in pursuit (Following). Circling
involved the same body distances and oppositions, but
now the animals seemed to pivot about a point, with the
supplanted wolf’s body curved to point its head toward
its opponents. The displacer, meanwhile, continued
to approach its rival’s hindquarters. At closer distances
(< 1/4body length), circling was replaced by Twist-and-
Turn as the supplanted animal suddenly shifted to bring
its forequarters to oppose those of its rival. Finally, Hip-
Thrust occurred when the animals came into physical
contact. The supplanted wolf kept its jaws opposite the
shoulder and neck of the displacer, while the latter main-
tained contact with its rival’s rear flank, where it could
deliver hip-thrusts to unbalance its opponent. Through-
out all these configurations, the displacer directed its at-
tention toward its opponent’s hindquarters, where most
wounds are commonly found, while the supplanted wolf
used its jaws to protect its flank. Although many interac-
tions involved quite extensive movements, the physical
relationships between the two animals changed little; the
animals performed a “dance,” with each constrained by
a set of rules of movement (Moran et al. 1981).
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TABLE 3.10. Stable behavioral configurations and the transitions that occur among them during ritualized fighting between two adult wolves

Previous stable Subsequent stable Change in relative Individual contributions

configuration(s) Transition involved configuration(s) orientation to the transition?

Circling Swivel /Stand-Across Twist-and-Turn From anti-parallel to parallel Active movement by S to pull
Hip-Thrust orientation, with a decrease hindquarters away from D
Stand-Across in distance to near zero

Following Lunge/Swivel Twist-and-Turn Point of opposition rapidly Initiated by S with a sudden
Hip-Thrust shifts from rear to head 360° turn, pulling rear away
Stand-Across from D

Following Walk-Up/Stop Twist-and-Turn Point of opposition slowly S slows down and then stops

Twist-and-Turn Turn-to-Rear/ Turn Follow

Stand-Across Circle

Twist-and-Turn Walk-Away/ Walk Follow (or another

Stand-Across transition)

Hip-Thrust

shifts from rear to head forward movement

Increase in relative distance Variable — often involves

and shift of opposition from S breaking away from D

front to rear

Increase in relative distance S walks sideways away

and shift of opposition from from D, then turns once

front to rear distance is increased

Source: Moran et al. 1981.

“D = displacing wolf; S = supplanted wolf. Moran et al. referred to their wolves using the neutral terms “Supplanting” and “Displaced” to avoid using the terms

“Dominant” and “Submissive,” which may have wider connotations than they intended. Unfortunately “D” and “S” are used commonly to indicate dominant and

subordinate wolves, respectively. To avoid confusion but to retain the more neutral tone of Moran et al., we have substituted the terms “Displacing” and “Supplanted”

above and in the text.

Although we have chosen to discuss Moran’s work in
this section on visual signals, the two combatants are sig-
naling and assessing each other using other communi-
cation channels as well. Growls and whines change to
snarls and yelps as the intensity of the conflict escalates.
Tactile information may be especially important during
the hip-thrust, and olfactory signals may also give each
animal further information about its opponent as the
conflict evolves. Some of these interactions may end af-
ter the displacer succeeds in getting one or more bites
into the other’s hindquarters; on occasion the displacer
may even be able to overcome the other’s defenses and
launch a mortal attack. Other interactions end after the
supplanted wolf manages a good defensive parry to its
tormentor’s head, perhaps tearing an ear. Most, how-
ever, simply end without injury to either wolf.

The Visual System

To use the often subtle information made available by vi-
sual signals, as well as to permit quick and effective reac-
tions to the movements of fleeing prey, wolves require a
visual system that combines reasonable acuity with the

ability to operate well under the low light available when
wolves are often active. Consequently, the wolf’s visual
system differs markedly from that of humans, and possi-
bly even from that of the domestic dog, on which our
limited knowledge of canid vision is based (see Miller
and Murphy 1995). Differences between wolves and hu-
mans probably reflect adaptations to different lifestyles
or environments, whereas differences between dogs and
wolves may be due to domestication. We will compare
the visual system of wolves (or dogs) with those of hu-
mans and cats, which have provided most of our insights
into the vision of terrestrial carnivores.

General Characteristics
Wolves (and dogs) possess “24-hour” (duplex) eyes,
adapted to function both day and night (Walls 1942; An-
dreyev 1985). However, their eyes have modest capabili-
ties for both collecting and excluding light (table 3.11).
Cats can use a greater range of illuminations effectively
than dogs or humans (Walls 1942).

The “eyeshine” of a dog’s eye is caused by the tapetum
lucidum (see table 3.11), a cellular layer that reflects light
back through the layer of rods and cones (Walls 1942;
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TABLE 3.11. Characteristics of the eyes of various mammals

Variation in

Tapetum lucidum

Species Eye diameter Pupil diameter pupil area Type No. layers
Dogs*” 25 mm (1) 3—4mm (1) — Cellulosum (4) 9-11 (5)
Cats — — 135-fold (3) Cellulosum (4) 15-20 (5)
Humans 24 mm (2) 1.3-9mm (2) 10-fold (3) None

Sources (in parentheses): 1, Andreyev 198s; 2, Duke-Elder and Wybar 1961; 3, Hughes 1977; 4, Walls 1942; 5, Wen et al. 198s.

“Presumably wolf eyes are similar to those of dogs.

Duke-Elder 1958; Andreyev 1985; Wen et al. 1985). The
resulting increase in low-light sensitivity, however,
comes with some loss in visual acuity due to scattering
(Walls 1942). The dog’s tapetum is roughly triangular,
with the base of the triangle situated along the equator
of the retina (Walls 1942; Parry 1953; Andreyev 1985),
reflecting light gathered from at and below the visual
horizon.

The wolf’s visual field is directed somewhat laterally,
giving it a relatively wide view of its surroundings but re-
ducing the size of its binocular field (table 3.12). Hughes
(1977) hypothesized that the binocular field aids “praxic”
behavior: visually controlled activities involving the ma-
nipulation of the environment (e.g., use of paws in prey
capture). The relatively small binocular field of canids
may reflect their limited use of their forelimbs.

The ability to change focus (accommodation) may
also be related to praxic skill (Hughes 1977). In dogs, ac-
commodation has been described as “feeble” (Hughes
1977, 680); they may be able to focus on objects no nearer
than 30 cm (Schmidt and Coulter 1981). Wolves may do
slightly better (Duke-Elder 1958) (see table 3.12).

The Retina

Both canids and humans possess rods and cones, but
differences in the distribution and density of these pho-
toreceptors across the retina give dogs and wolves a fun-
damentally different vision from that of humans. Rods
are highly sensitive to light, but do not permit good spa-
tial resolution or color discrimination. Cones need rela-
tively strong light to function, but permit sharper acuity
and some degree of color vision.

Human vision is dominated by the fovea, a depres-
sion at the focal point on the retina that is densely
packed with cone cells but devoid of rods (Hughes 1977)
(table 3.13). Rods are found in greatest density about 20°
from the center of the retina, and the density of both

rods and cones drops off rapidly away from the center
(Hughes 1977; Wassle and Boycott 1991). Thus human vi-
sion is dominated by the center of the visual field, which
is adapted for daylight use, color discrimination, and
fine visual acuity.

Dog (and wolf) vision has not been as extensively
studied as that of humans or cats, but dogs and cats are
similar in many respects (Peichl 1989; Loop and Martin
1991) (see table 3.13). Like cats, dogs and wolves lack a
defined fovea and instead possess an area centralis, a
broad, central region of higher rod and cone density
(Peichl 1989). The density of cones falls gradually across
the retina (Koch and Rubin 1972), whereas rod density
changes little (Peichl 1989).

Dogs and cats have similar rod and cone densities
and distributions, which parallel those found in hu-
mans (Steinberg et al. 1973). Cats and dogs differ from
humans in the three- to fourfold higher densities of rods
throughout the carnivore retinas, the complete lack of
rods in the human fovea, and the five- to tenfold higher
density of cones in and around the human fovea. Inter-
estingly, the density of cones beyond about 12° of the
center is nearly identical in all three species (Steinberg
et al. 1973; Peichl 1989).

Peichl (1989, 1992a,b) found pronounced “visual
streaks,” bands of ganglion cells running along the hor-
izontal (equatorial) axis of the retina, in all of eight
wolves, but only eighteen of forty dogs, that he exam-
ined. Densities of ganglion cells in the area centralis of
the visual streak were highest for wolves and quite vari-
able in dogs (see table 3.13). Over the entire retina, two
wolves studied had nearly twice as many ganglionic cells
as did two dogs (see table 3.13), suggesting that wolves,
on average, have sharper vision than dogs. Pronounced
visual streaks would give the wolf relatively sharp vision
along much of the visual horizon without having to shift
its gaze.
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Spatial and Temporal Acuity

The visual (spatial) acuity of canids has been little stud-
ied (Andreyev 1985). The fact that wolves (Peichl 1992b)
and cats (Hughes 1977) possess similar numbers of gan-
glion cells suggests that wolf visual acuity may be like
that of cats (see Loop and Martin 1991). Neither carni-
vore can match the extremely sharp foveal vision of hu-
mans (see table 3.12). Dogs, however, appear to be quite
sensitive to motion (Duke-Elder 1958) and much better
than humans at distinguishing among shades of gray
(Pavlov 1927).

Flicker fusion rate, a measure of the eye’s temporal
resolution, improves as illumination increases (Marler
and Hamilton 1966) and as cones become active (the
rod/cone break) (Schaeppi and Liverani 1979). For both
rod and cone systems, dogs have better temporal reso-
lution than humans (see table 3.12), although the rod/
cone break occurs at much brighter illumination in dogs
(Coile et al. 1989). These results indicate that dogs, and
probably wolves, see the world “faster” than humans
and are thus able to make finer temporal use of visual
information.

Color Vision

All canids studied to date have two cone systems, one
sensitive in the blue range (429 nm) and the other in the
green (555 nm) (Neitz et al. 1989; Jacobs 1993; Jacobs
et al. 1993). Dogs can discriminate color best on either
side of 480 nm (blue-green), the wavelength to which
both cone types are equally sensitive. Color discrimina-
tion then deteriorates rapidly toward both blue and red.
A large drop in color acuity above 520 nm indicates little
ability to discriminate colors in the green to red range
(Neitz et al. 1989). Reports that dogs (Rosengren 1969)
and wolves (Asa and Mech 1995) can discriminate red
and yellow as colors need to be evaluated with proper
controls for brightness; in theory, red should appear as a
fainter shade of green to a canid possessing only blue
and green cones.

Although the rod systems of dogs and humans appar-
ently have similar sensitivities to light intensity, the dog
cone system is only 1/30 as sensitive as that of humans
(Schaeppi and Liverani 1979). Thus the dog’s color vision
provides a coarser picture with fewer hues, and is limited
to brighter illuminations, than human color vision.

Vision and Communication
The visual system of wolves is more than adequate to
make use of the variety and nuances of their visual sig-
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nals. Though wolves lack the high definition and color
resolution of the human eye, they have the ability to use
their visual system well into darkness. Although they
lose color vision and suffer further deterioration in acu-
ity at night, they can still discern the features of nearby
packmates. In particular, the white facial patterns of
many wolves may facilitate visual communication at
night, and could also play an important role in coordi-
nating group attacks on prey, enabling wolves to keep
track of packmates without shifting their gaze from the
prey. Thus vision probably remains an important com-
munication medium throughout most of the night.

Tactile Communication
The Importance of Touch in Communication

Tactile communication in the wolf has been little studied
(Fox and Cohen 1977; Zimen 1981), yet touch undoubt-
edly carries important information. Newborn pups are
deaf and blind, yet are able to nurse and huddle (Fox
1971¢). Although olfaction may cue these activities, the
“rooting” reflex of young pups is also important. The
huddling of pups around rocks and other debris in
the den (Coscia 1995) is further evidence of their tactile
orientation.

After a pup’s eyes and ears open, tactile activities
remain common. Pups continue to huddle, especially
when cold, even when several months old, although this
activity wanes over time (Coscia 1995). Socially directed
actions, such as play, involve frequent body contact.
Food-begging (see Packard, chap. 2 in this volume) in-
volves licking and other direct contact, and active sub-
mission continues this snout-to-snout contact through-
out life (Schenkel 1967; Fox 1971€).

For adults, body contact occurs often in “friendly”
contexts, particularly during group ceremonies (Fox
and Cohen 1977; Zimen 1981). While walking his captive
wolves, Zimen (1981) found that they made brief muzzle-
to-muzzle or muzzle-to-fur contact an average of six
times per hour per wolf. Licking of fur occurs in a vari-
ety of situations; males, for example, lick the female’s
genital area during courtship (Fox 1972a; Zimen 1981)
and also lick one another’s wounds (Zimen 1981). Be-
sides the olfactory or hygienic value of these activities,
they may provide a tactile message as well.

Agonistic activity involves much body contact, from
pushing against the flank of a rival to pinning anoth-
er’s muzzle to the ground (Schenkel 1947, 1967; Moran
et al. 1981; Mech 1993a). Havkin (1977, 1981; Havkin and
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Fentress 1985) described the development of “combative
social behavior” (“play fighting”) in wolf pups. He fo-
cused on the analysis of falls because agonistic interac-
tions among adults often involve attempts by one wolf to
throw its opponent and efforts by the other to avoid be-
ing thrown (Schenkel 1967; Moran et al. 1981).

Pups use three basic types of falls during play fighting
(Havkin and Fentress 1985). Side falls occur earliest; one
pup uses a bite attack coupled with a foreleg sweep to
knock the other pup over. As pups grow older, they learn
to avoid the foreleg sweep. At 40 days, the rear fall first
occurs. The front fall emerges last; it involves the head
landing first, followed by the rest of the body. This latter
fall appears to be the most effective from a defensive
standpoint, as the fall usually breaks the opponent’s grip
and carries the fallen pup’s hindquarters out of the other
pup’s reach.

The best offensive position during play fighting is
the stem of the so-called T configuration. In that posi-
tion, the pup can bite its opponent virtually anywhere,
whereas the latter must twist and turn to bite, making
it likely to fall. During adult fighting, however, the ani-
mal on the offense stands at the top of the T (Schenkel
1967; Moran et al. 1981). This inherently unstable posi-
tion has been likened to a “challenge” (Schenkel 1967).
However, it may be that one of the most important les-
sons a pup learns from play fighting is how to protect it-
self effectively; thus a defensive wolf may quickly assume
the more stable stem position when threatened at close
quarters, denying that advantage to its opponent.

Communicative Roles of Touch

Two possible roles of tactile communication can be ad-
vanced. First, it may strengthen social bonds through re-
duction of stress. Studies of humans and their pet dogs
have shown that tactile contact reduces heart rate and
blood pressure in both humans and dogs (Lynch 1974;
Baun et al. 1983; Vormbrock and Grossberg 1988). Many
tactile contexts for pups lead to reduction of stress (i.e.,
huddling, nursing, defecating or urinating, and eat-
ing). Thus adult tactile behaviors may “tap into” earlier
behavioral-sensory networks; when wolves receive a par-
ticular type of stimulation, in a specific context, they feel
reassured.

Second, contact during aggressive behavior probably
plays a role in assessing a rival. Information gained
through physical contact during play and ritualized

fighting may indicate the strength or skill of an oppo-
nent. In fact, of all the ways of receiving information
about a rival (i.e., visual—body size; vocal—pitch of
voice; olfactory—hormonal profile), tactile information
may provide the most reliable means of assessing an in-
dividual’s current status. Strength and skill in combat
change over time; thus assessment should be ongo-
ing, particularly among young animals competing for
social status. Once achieved, a strategy for maintaining
status might be to avoid assessment, as age ultimately
saps strength and dulls skills. Thus the involvement of
individuals in behaviors that assess strength, skill, or
stamina, including “play,” may show predictable varia-
tion with age, rank, and health.

Development of Tactile Responses

Fox (1971¢, 191) called a pup’s head a “thermotactile sen-
sory probe”; it moves side to side in a semicircular man-
ner until it contacts an object. Stimulation of the face
with a soft or warm object causes the pup to move to-
ward the stimulus; this response strengthens during the
first 2 weeks. When cold or hungry, pups may circle one
another, maintaining contact all the while.

The initial movements of a newborn pup are limited
to “swimming” motions until 2 or 3 weeks of age, when
the pup can begin to support its weight (Breazile 1978).
By 9—10 days of age, the pup can support itself with its
forelegs, and its rear legs provide some support by 14 —16
days.

Newborn pups defecate when stimulated in the anal
area and urinate in response to stimulation of the vulva
or preputial area (Fox 1964, 1971¢; Breazile 1978). Both
responses are typically elicited by the mother’s licking of
the pups during grooming. Earlier, we indicated that the
preputial glands of newborn pups are swollen and exude
a creamy fluid that the mother finds attractive. Thus an
olfactory/gustatory signal provided by the pups elicits a
tactile stimulus from the mother that stimulates urina-
tion or defecation in the pups. This important network
operates during the same time frame as the pups’ neo-
natal repertoire of squeals and screams, suggesting that
there may also be a vocal component to the network (do
pups vocalize more as the bladder fills?). If so, are the
screams/squeals and preputial fluids part of the same
developmental system, or are they independent?



Gustatory Communication

The role of taste in wolf communication has not been
explored. Because investigations of taste can be con-
founded by the influence of smell, it can be difficult to
properly evaluate the significance of taste as a sensory
modality. Dogs, and thus possibly wolves, possess recep-
tors for all four major categories of taste: salt, bitter, acid,
and sweet (Appelberg 1958). Because wolves may con-
sume fruits such as berries (see Peterson and Ciucci,
chap. 4 in this volume), sweet taste receptors would be
adaptive.

Taste may be involved in the transmission of phero-
monal information contained in urine and various glan-
dular secretions. Male wolves eagerly lick urine and se-
cretions on the vulva of proestrous and estrous females
as well as preputial secretions of other males. Females
may lick preputial secretions of males as well as those of
pups. Adults and pups lick the muzzles of other wolves.
Although the primary pheromonal function of lick-
ing could be to facilitate the transfer of low-molecular-
weight compounds into the nasal cavity or VNO, it may
be important that these substances also taste good to
perpetuate the behavior.

Grooming stimulated by blood on the muzzle or head
of a packmate may be reinforced by taste. The methodi-
cal grooming of pups by their mothers suggests that their
fur may contain a pleasant-tasting substance not pres-
ent on older animals. Likewise, tastes associated with
pups are apparently very appealing; the amniotic fluid,
for example, stimulates the cleaning of newborns and
consumption of the placenta (Dunbar et al. 1981). Simi-
larly, the urine and feces of pups are readily consumed
by their mothers during the first few weeks of life, a prac-
tice that gradually declines thereafter (Ranson 1981),
reflecting the change in their contents from milk to meat
waste products and thus possible changes in their stim-
ulus value. However, wolves do commonly practice co-
prophagy, at least in captivity (L. D. Mech, personal
communication).

Unfinished Business

Since Rudolph Schenkel (1947) launched the study of
wolf communication a half century ago, we have made
some progress in understanding how and what wolves
signal to one another. Yet we still have much to learn. As
should be clear from the last two sections, we know little
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about the signals and information wolves convey using
touch and taste. This deficiency is regrettable. For an an-
imal as large and powerful as a wolf, touch is probably a
very important channel for both sending and receiving
information about other wolves. The pressure applied
during a hip-thrust, for example, could send an impor-
tant message to the wolf on the receiving end, informa-
tion that might even prompt an animal to disperse from
its pack. Furthermore, how important is the physical
contact that occurs during a social rally or while a pair of
wolves is traveling?

And what about touch delivered and sensed via the
jaws? “Mouthing” is a behavior that involves seizing the
muzzle or head of another wolf, often in relatively re-
laxed contexts. How important is the amount of pres-
sure, if any, that is applied during the mouthing? Captive
wolves will mouth their human companions or acquain-
tances. In one small pack we studied in Minnesota, a
subordinate male licked our hands when we placed them
through the fencing. His dominant brother, on the other
hand, would grasp a hand briefly in his mouth and then
immediately release it; each time he relaxed his grip just
as we began to feel pain. Did he simply not know his own
strength, or was there a message in the pressure of his
jaws, like that of a firm handshake? It is obvious that we
have much more to learn about touch and taste.

Even the well-studied senses pose numerous ques-
tions for future work. Take the short-range vocaliza-
tions. Given Schassburger’s (1993) and Coscia’s (1995)
research, it seems safe to say that wolf vocal communica-
tion is based on the dynamic and graded use of less than
a dozen sound types or vocal signals. These vocal signals
divide up the acoustic spectrum in a predictable man-
ner that is consistent with Morton’s (1977) motivation-
structural rules and is therefore intuitively understand-
able to humans. Variation within the acoustic spectrum
is continuous, yet our research suggests that each vocal
signal occupies its own discrete portion of this spectrum.
Are wolf vocal signals indeed categorical, and if so, are
the boundaries between sound types a function of pro-
duction or perception? There do seem to be no interme-
diates between sound types in pup vocalizations; is the
same true in adults? If so, what rules of production (i.e.,
neural, mechanical) keep these sounds discrete?

Theoretically, short-range vocalizations appear to use
the full dynamic range of the vocal cords. Indeed, it is
possible that the squeak and other whistle forms greatly
exceed the upper limit of the vocal cords by utilizing a
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whistle mechanism, thus giving larger animals the abil-
ity to sound even less intimidating or more submissive
than otherwise. This possibility suggests that canids pro-
duce a sonic parallel to the ultrasonics of rodents, and
that the only difference between wolf squeaks and rodent
squeaks lies in the ears of humans. After all, most rodent
squeaks are not ultrasonic to a wolf. In fact, the high up-
per frequency limit of wolves’ hearing suggests a further
question: What use do wolves make of this upper range,
if any? Lehner (1978a) suggested that coyotes may use
their upper limits for either intraspecific communica-
tion or the detection of rodents.

The longer-range vocal signals (barks and especially
howls) appear to combine the motivation-structural
rules with the basic structural features required for long-
distance propagation. What sort of trade-offs are wolves
making in this combination? What price in information
content is paid to gain extended range? And from a so-
cial point of view, how much does the inability to vocal-
ize without being overheard by an unintended audience
influence the manner in which wolves howl?

With olfactory communication, we may never be able
to fully understand how the world of scent appears to
wolves, just as they will never share our experience of a
spectacular sunset. We have made initial progress in de-
scribing and understanding the use of urine in mark-
ing from a functional perspective. Unfortunately, the
signal itself, that cocktail of molecules that stimulates the
olfactory bulb and association areas of the cortex, has yet
to be fully described (cf. Raymer et al. 1984, 1986). How
does this mixture correlate with sex, age, social status, re-
productive condition, and health, how does it age over
time since deposition, and how do wolves use it to dis-
criminate among individuals and to find their way?

Finally, the visual channel offers challenges much like
those presented by the olfactory channel, but is much
more tractable to human study; we can see at least as well
as wolves, and perhaps even better. Like olfactory sig-
nals, visual signals offer a “Gestalt” involving a collec-
tion of many simultaneous elements. How well do all
these elements actually fit together as a package? Which
elements covary and which are independent, and what
are the rules for their combination? Schenkel (1947,
1967) hinted at the complexity of expression that is made
available through visual signals. McLeod (1996) has
shown how we might begin to understand this signaling
system, and Moran (1987) has shown how it pays to look
at the system from the point of view of relationships

rather than separate individuals. In the future, an in-
creasing knowledge of the cognitive structures and rules
used in visual perception will give us better insight into
the importance of the various elements used in visual
signaling.

Communication and Behavior

We have tried to present a thorough picture of the sig-
nals and information involved in wolf communication
without delving too deeply in the details of the social
fabric within which these signals are used, the topic of
chapter 2 in this volume. Before we finish, however, we
would like to return to an issue mentioned at the outset
that we have touched on along the way: wolf sociality.
Wolves are highly social animals. From its birth through
perhaps its first or second year, a wolf is usually in the
company of packmates. There may be some periods
when it is alone, but those periods typically are short.
For this reason, we should expect wolf communication
to have several important features.

First, communication signals should have a pre-
dictable developmental history. Wolf pups, like human
infants, ought to possess an initial signal repertoire that
guarantees that their critical needs will be met. Shortly
afterward, however, that repertoire should reveal im-
portant developmental plasticity as pups react and ad-
just to their littermates, mother, and other packmates.
Thus the simple messages available in the initial signals
begin to acquire further information (metainformation)
as pups learn their packmates’ identities and person-
alities. Finally, contextual information is factored in as
pups become more experienced with settings and situa-
tions. Thus we should expect to see increasing sophisti-
cation in the use of signals, as well as a moderate degree
of individual variation due to different developmental
histories.

Second, given the amount of time wolves spend to-
gether, we should expect them to develop a great deal of
sensitivity to signals as they learn to better predict the
ensuing actions of packmates. Thus the signals required
to coordinate effectively between two long-standing
packmates ought to be relatively subtle, compared with
those between animals with less mutual experience.
However, most pups will emigrate before they realize
their full potential for such coordination. During the en-
suing period of wandering, the lone wolf may spend
most of its time monitoring the howling or scent mark-



ing of pack wolves, while at the same time attempting to
minimize any inadvertent sign to these packs. But while
it is avoiding packs, it is also monitoring signals and
other signs for a breeding territory and a potential mate.
If it succeeds in finding both, it probably faces a period
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of uncertainty as it gets to know, understand, and pre-
dict the actions of its mate. Given time, it may reestab-
lish the same sensitive understanding it acquired in its
natal pack as a pup.



FROM THE BEST-SELLING BOOK and popular movie,
Never Cry Wolf (Mowat 1963), millions of people gained
the impression that wolves eat mice, rarely caribou. Au-
thor Farley Mowat later admitted fabricating much of
the story (Goddard 1996), originally billed as true, to gain
public sympathy for the wolf. Mowat succeeded enor-
mously, and decades later the misconception remains.

Wolves are flexible and opportunistic predators, but
they usually rely on large ungulates for food. They do
not always have to kill their prey. R. O. Peterson has seen
wolf scats full of maggots after wolves consumed rotting
carcasses of moose, and he has watched wolves in winter
dig out year-old moose hides dried by the summer sun
months earlier. Perhaps the most accurate statement that
can be made about the diet of the wolf is that it is usually
hard won and highly variable.

While the wolf is popularly viewed as a consum-
mate carnivore, it belongs to a family of carnivores that
is adapted to feeding on a diverse array of foods. Wolves
and other canids obtain most of their food from prey,
but they are not exclusive meat eaters, or hypercarni-
vores, like the many species of cats. Throughout their
evolutionary history, wolves have been shaped as curso-
rial predators of large herbivores, their characteristic
niche. Yet, as generalist carnivores, wolves can effectively
hunt prey that range in size over three orders of mag-
nitude, from 1 kg (2.2-pound) snowshoe hares to 1,000
kg (2,200-pound) bison, and they can even subsist on
garbage.

In this chapter we focus on the living economy of the
wolf, from the wolf’s standpoint. Where does the wolf
find food, and how does the animal make use of it? We
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have learned the characteristics of the wolf diet both di-
rectly, by aerial or ground tracking, and indirectly, espe-
cially through analysis of prey remains in wolf feces (i.e.,
scats). After reviewing the techniques used to discover
patterns of prey use, we describe the digestive anatomy
and physiology of the wolf, summarize geographic dif-
ferences in wolf diet between Eurasia and North Amer-
ica, and discuss the ecology of feeding. The next chapter
will explore the ecological implications of wolf preda-
tion, and chapter 7 will deal with nutrition itself.

The Food of Wolves

There has long been strong scientific interest in knowing
what wolves eat, as the wolf’s diet forms the core of hu-
man conflict with this large carnivore. Data on the food
habits of wolves have accumulated since Murie’s pio-
neering study (1944) in Mt. McKinley (now Denali) Na-
tional Park. Prior to the aerial tracking of wolves initi-
ated by Burkholder (1959), the only technique used to
determine wolf diet was analysis of the contents of either
stomachs or scats. More recently, with fewer wolf control
programs in North America, the contents of wolves’
stomachs have rarely been available for study, but more
field studies have provided direct analyses of wolf-killed
prey as well as more extensive reporting of scat contents.

While examining wolf scats and stomach contents
provided basic data about the wolf’s diet, these ap-
proaches afforded no information about wolf hunting
behavior. In summer, and in southern ranges without
seasonal snow, heavy reliance is still placed on scat stud-
ies to understand the food base of wolves.



Direct Recording of Kills

The travels and kills of wolves may be studied in winter
by following tracks, either from aircraft or on the
ground. Bjirvall and Isakson (1982) tracked wolves on
skis in Sweden when wolves were rare and could be dis-
tinguished as identifiable individuals or packs. While
wolves can be visually tracked from the air through snow
when it is not windblown (Burkholder 1959; Mech
1966a,b; Pimlott et al. 1969; Peterson 1977), radioteleme-
try has greatly furthered this approach (Mech and Fren-
zel 1971a; Kolenosky 1972; Fuller and Keith 1980a; Ballard
et al. 1987, 1997; Fuller 1989a,b; Kunkel et al. 1999). Boyd
(1994) and Weaver (1994) relied primarily on snowshoes
to ground-track radio-collared wolves to find kills and
determine their kill rates. The primary problem with any
tracking technique is maintaining constant contact with
the wolves’ path so that no kills are missed.

In theory, radio-collared wolves could be located and
observed from aircraft frequently enough so that all kills
would be recorded (e.g., two kills found on 14 days sug-
gests a kill rate of one per 7 days). However, even if packs
are located daily, kills are often missed when the prey is
deer-sized. In a 5-year study of wolf predation on deer in
Minnesota, Fuller (1989b) found wolves on kills 96 times
out of 840 locations of packs, but never on the same kill
during two consecutive flights (even with two flights per
day). No packs, regardless of size, stayed at a deer kill for
an average of more than 12 hours, so with one flight per
day, the proportion of flights when wolves were found
on kills underestimated the kill rate by at least 50%.
Fuller corrected the data by multiplying the daily kill rate
by 2 and considered this a minimum estimate.

With large prey such as moose, one can find virtually
all kills if packs are located one or two times daily (Fuller
and Keith 1980a), particularly right after sunrise, when
wolves are most apt to be sleeping near kills (R. O. Pe-
terson, unpublished data). By locating radio-collared
wolves at least daily and supplementing with two loca-
tions on about half the days, Fuller and Keith (1980a) be-
lieved they found all moose kills. However, if prey are
smaller and abundant, locating wolves even twice daily
may not be sufficient to record all prey killed. In north-
western Alaska, a pack of eight wolves killed and ate a
yearling caribou and left the site, all within a 3-hour pe-
riod (Ballard et al. 1997, 12). Only by following snow
trails can complete records of kills be made, and then
only for prey large enough that the wolves leave rem-
nants of it behind.

THE WOLF AS A CARNIVORE 105

Indirect Studies of Wolf Diet

Following the lead of Murie (1944), scat analysis (Korsch-
gen 1980; Putman 1984) has been used worldwide to
characterize the wolf diet. Large samples are possible at
all seasons of the year, and this method leaves the wolves
undisturbed. However, wolf scats may be indistinguish-
able from dog scats (Ciucci et al. 1996) or coyote scats
(Weaver and Fritts 1979), and the contents may vary with
the digestibility, size, or frequency of meals (Meriwether
and Johnson 1980; Kelly 1991).

Problems also arise in identifying the scat contents
themselves (Frenzel 1974; Weaver and Hoffmann 1979;
Reynolds and Aebischer 1991). Macroscopic food items
in scats (i.e., hair, bones, feathers, invertebrates, seeds,
and vegetation) are usually identified by comparing them
with a reference collection or manual (Adorjan and
Kolenosky 1969; Debrot et al. 1982; Teerink 1991). Ob-
server reliability should be evaluated either by reanalyz-
ing a random subsample (e.g., Fritts and Mech 1981) or
by testing observers with a “blind” sample (Carbyn and
Kingsley 1979; Ciucci et al. 1996).

Prey importance in the diet can be ranked either by
direct measurement (i.e., by frequency, dry weight, vol-
ume) of the undigested remains in scats or by converting
prey frequency data to estimates of biomass ingested
based on experimental data (Floyd et al. 1978; Weaver
1993). For large prey, however, such data are sparse. Ad-
ditional fine-tuning of the regression equations used
to convert frequency data to prey biomass (Floyd et al.
1978; Weaver 1993) could incorporate provisions for vari-
able carcass utilization and wolf activity levels; more
replicates of various prey types would also be useful. In
addition, if the energy equivalents of various prey spe-
cies and their components were better known, hypothe-
ses on the feeding strategy of wolves could be tested (e.g.,
Crawley and Krebs 1992), which has rarely been done for
carnivores as a whole (Haufler and Servello 1994). To de-
termine kill rates for wolves throughout the year, Jedrze-
jewski et al. (2002) supplemented ground searches for
radio-collared wolves and prey carcasses with detailed
analyses of scats, including the proportion of amorphic
mass from meat and soft tissues. More amorphic mate-
rial corresponded with a shorter interval since a fresh
kill. In this study, up to 41% of wolf kills were detected
only from scats, representing mostly small-bodied prey.

Some aspects of wolf diet may be determined through
analyses of various isotopes. Prey that consume lichens
and mosses, such as caribou and black-tailed deer, may
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ingest high levels of radiocesium, 1¥7Cs, from nuclear
bomb testing (in the 1950s and 1960s) or nuclear acci-
dents (e.g., Chernobyl), which can be detected in muscle
tissue from wolves (Holleman and Stephenson 1981).
Naturally occurring heavy isotopes of carbon (C) and
nitrogen (N) might also be employed to advantage. The
relative abundance of *C and '*C, expressed as a modi-
fied ratio termed 6C, is particularly useful in dis-
tinguishing marine and terrestrial food sources and
establishing the relative importance of C, and C, photo-
synthetic products in food chains (Tieszen and Boutton
1988). Applied to wolves, the isotope technique could
be used to establish whether wolves in coastal areas are
supported by marine life, such as spawning salmon (Sze-
panski et al. 1999; Darimont and Reimchen 2002) or seal
carrion (Gilmour et al. 1995), or to investigate whether
individual wolves have been eating domestic animals
that have corn in their diet. Corn, as a rare C, plant in
temperate regions, leaves a distinctive isotopic signature
(Schoeninger et al. 1983).

Wolf Feeding Habits

The adaptability of the gray wolf is best exemplified by
its highly variable diet throughout the world. The econ-
omy of a wolf in Canada’s Yukon is likely to be based
on moose, while a wolf living in certain Mediterranean
regions may subsist largely on garbage and domestic an-
imals. Wolves also inhabit regions with large seasonal
fluctuations in the environment, with consequences for
prey availability. They may frequently kill juvenile Arctic
hares in the brief High Arctic summer on Ellesmere
Island (Mech 1988a, 1995¢) or beavers along the well-
watered valleys of Isle Royale National Park in Michigan
when those waters are unfrozen (Mech 1966b, Peterson
and Page 1988). In Alaska, wolves eat salmon (Mech et al.
1998).

The wolf is an opportunist with an amazing ability to
locate food. A midwinter thaw might find a wolf aban-
doning its cursorial habit to curl up next to a hole in the
ice where beaver have suddenly renewed their foraging
(Thurber and Peterson 1993). Wolves might spend hours
scavenging seal carcasses washed up on a beach after a
storm (Klein 1995), hunting unfortunate prey displaced
by a wildfire (R. O. Peterson, unpublished data), or care-
fully inspecting mounds of garbage for anything that
might be nourishing (L. D. Mech, unpublished data).
Wolves stay alive through attention to such details, yet
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FIGURE 4.1. Reliance of wolves on various prey species in North
America and Eurasia, as indicated by > 20% occurrence in wolf scats
(stippled columns) or in > 10% of wolf-killed prey (solid columns).
All studies reviewed are listed in appendix 4.1. Because this metadata
set was not collected systematically, occurrences of individual prey
species may be biased, depending on how much or how little wolf
food habits were studied in various areas.

these usually disappear in the screening of information
that accompanies scientific reporting of wolf diet. Nev-
ertheless, it is clear that the diet of the wolf is as broad as
its geographic range.

Studies of the wolf’s diet are perhaps more common
than any other kind of wolf research. By simply enumer-
ating these studies (see appendix 4.1), one can gain a pre-
liminary impression of variation in the food economy
of wolves around the Northern Hemisphere, as well as
broad-scale differences among continents (fig. 4.1). Of
course, the geographic locations of such studies were not
systematically established, so prey that predominate in
areas of frequent study are overrepresented, and vice
versa. White-tailed deer, for example, predominate in
the midwestern United States, where wolf research has
been conducted over many decades, so deer are proba-
bly overrepresented among North American studies.



The significance of moose in the diet of North Amer-
ican wolves, on the other hand, seems accurately re-
flected by the tally of studies. Beaver also emerges as a
significant summer prey in North America. In more
human-dominated Eurasian ecosystems, livestock ap-
pear to be the most common prey, with red deer, boar,
and roe deer also important. Most wolves in Eurasia live
in Siberia, where moose are the most common prey
(Bibikov 198s), but these areas are underrepresented in
the tally of studies for Eurasia.

Many aspects of wolf prey selection patterns might be
understood in terms of prey size; other things being
equal, one might think that wolves would prefer small
ungulate prey that escape by running to those that use
direct defensive behavior, such as large-bodied moose
and bison. However, as indicated by Mech and Peterson
in chapter 5 in this volume, a rigorous attempt to deter-
mine wolf preference for any kind of prey is fraught with
methodological problems. Flexibility and opportunism
dominate wolf foraging behavior, as wolves can thrive
on any prey that is large enough, abundant enough, and
catchable enough. In addition to abundance and size,
relative species abundance, physical vulnerability, defen-
sive behavior, and environmental conditions (snow pa-
rameters) all influence which prey species are most im-
portant in a local area for a given period (Mech et al.
1998). Where several prey species are available to wolves,
fluctuating in density and vulnerability across time and
space, the resulting pattern of prey selection may be
complex, highly variable, and subject to change.

Eurasia
Much of the natural habitat of the wolf and its prey
throughout Eurasia has been fragmented, altered, and
destroyed by human activities, and many native prey
species have been extirpated. Historically, native prey di-
versity declined from five or six species to just two or
three (Okarma 1995). In areas most affected by humans,
wolves have been forced to subsist on domestic animals
and garbage, although native prey are important in the
most remote portions of Eurasia (e.g., Russia and moun-
tainous regions of eastern Europe), and where they have
recovered. Variation in the relative abundance, vulnera-
bility, and accessibility of wild and domestic prey pro-
duces a complex food economy for Eurasian wolves,
a testimony to the animal’s highly flexible and oppor-
tunistic feeding behavior.

Native wild ungulates important for wolves in Eurasia
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are moose, red deer, roe deer, and wild boar (Bibikov
1982, 1985; Filonov 1980; Okarma 1995). Other species
that may be locally abundant and thus important to
wolves include wild reindeer, mouflon, European bison,
saiga, ibex, chamois, mountain goats, fallow deer, and
musk deer. In the boreal zone of Scandinavia, moose are
the primary prey in forested areas, but roe deer are im-
portant in agricultural areas (Bjirvall and Isakson 1981;
Wabakken et al. 1983; Olsson et al. 1997). Wild reindeer
are the primary prey in tundra regions of Siberia (Ma-
kridin et al. 198s5; Kolpashchikov 1995), giving way to
moose in the vast taiga zone (Labutin 1972; Bibikov 1982;
Filonov 1980).

In temperate forests throughout Eurasia, wild boar
may be abundant, providing a valuable prey for wolves.
Near the Caspian Sea (Kyzyl-Agach Reserve), wild boar
provide about two-thirds of the wolf diet (Litvinov 1981).
In the Apennine range of Italy, the recent recovery of
wolves corresponded to a large expansion of the wild
boar population, which constitutes 12—52% of the wolf
diet (Ciucci and Boitani 1998a).

The red deer is a commonly killed species in mixed
and deciduous temperate forest regions, both in low-
lands and in mountains (Kudaktin 1978; Okarma et al.
1995); it is supplemented by roe deer, sika deer, and wild
boar. In Poland’s Bialowieza National Park, where Eu-
rope’s richest community of wild ungulates inhabits pris-
tine lowland forests, wolves’ primary prey is red deer,
followed by roe deer and wild boar (Reig and Jedrzejew-
ski 1988; Jedrzejewski et al. 2000). Wolf predation ac-
counted for nearly 75% of red deer natural mortality, but
wolves virtually ignored European bison (Okarma et al.
1995). In France’s Mercantour National Park, colonized
by wolves from northern Italy in the mid-1990s, the pri-
mary prey, at least initially, were mouflon and chamois
(Poulle et al. 1997).

Where wild ungulates have been reintroduced or his-
torically conserved, these herbivores support wolf popu-
lations, as in portions of Italy and Spain. Wild boar and
red deer compose a large portion of the wolf diet in the
southern mountains of Spain (Estremadura and Sierra
Morena). Especially in Sierra Morena, where big-game
hunting reserves allow high ungulate densities, wolves
rely almost exclusively on red deer and wild boar (Cas-
troviejo et al. 1975, Cuesta et al. 1991). In Spain’s Canta-
brian Mountains, where otherwise domestic prey prevail
in the wolf diet, scats collected in Sierra de Invernadeiro
most frequently contained roe deer remains (Guitian
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et al. 1979). Along the northern Apennines in Italy,
wild boar and roe deer generally appear as the most fre-
quent prey, followed by red deer and locally available
species such as fallow deer and mouflon (Mattioli et al.
1995; Meriggi et al. 1996; C. Matteucci, personal com-
munication).

In India and China, where wolves frequently live on
foods of human origin, they thrive almost exclusively on
wild ungulates in some restricted localities (Gao 1990,
Jhala 1993). Both wolves and their prey are endangered
in Velavadar National Park in India, where blackbuck
constitute 88% of the biomass consumed by wolves and
wolf predation is the primary cause of blackbuck mor-
tality. There is essentially no wild prey available in India
outside relatively small and scattered nature reserves
(Jhala and Giles 1991).

As in North America, Eurasian wolves appear to kill
prey based on size, abundance, and vulnerability. Wolves
rely on moose only where smaller prey are uncommon
(Bibikov 1982). In Bialewieza Primeval Forest, wolves
hunted in packs averaging 4.4 members and often killed
wild boar piglets, young deer, and beavers, but generally,
larger packs more often killed red deer (Jedrzejewski
et al. 2002). Okarma (1995), after reviewing food habit
studies of the wolf in Europe (including twenty-seven
studies from the former Soviet Union), concluded that
red deer were most often taken in most areas. Wolf ten-
dency to kill red deer in ungulate communities of low-
land mixed deciduous forests has also been documented
by Filonov (1980) for the European part of the former
Soviet Union. The significance of moose and red deer
in the diet of wolves finds certain parallels in North
America.

Prior to the restoration of wild prey in many areas of
Eurasia in the 1980s and 1990s, wolves preyed on live-
stock. They continue to do so today where wild ungu-
lates are absent or extremely rare. This is especially true
where preventive measures are ineffective and domestic
stock are easily accessible to wolves. In northern Finland,
for example, herds of semi-domestic reindeer are im-
portant to wolves (Pulliainen 1993). In the former Soviet
Union, domestic prey are important especially at lower
latitudes and in less forested areas, where the grazing pe-
riod is longer and wild ungulates are scarce (Bibikov
1982, 1985). Bibikov et al. (1985) found pigs, cattle, and
sheep as the most frequent items in both scats and stom-
ach contents of wolves from the eastern Caucasus and
Voronez area.

In densely populated northwestern Spain (Galicia
and Asturia), the wolf diet contains no wild prey, being
composed of goats, sheep, and dogs (Castroviejo et al.
1975; Guitian et al. 1979; Cuesta et al. 1991; Reig et al. 1985;
Llaneza et al. 1996). Similarly, in the Douro Meseta area
of Spain, domestic ungulates, along with garbage and of-
fal from domestic animals, represent the bulk of the wolf
diet (Reig et al. 1985; Cuesta et al. 1991). Wolves from this
region also rely on carrion of horses and cattle (Castro-
viejo et al. 1975; Barrientos 1993). A preponderance of
livestock in the wolf diet was also reported for Portugal
(Alvares 1995) and some localities of Italy during the
1970s (Macdonald et al. 1980; Boitani 1982; Ragni et al.
1985).

Where both wild and domestic ungulates are found,
the feeding ecology of wolves appears to be driven by the
relative availability of wild prey, rather than by human-
related food. For example, in southeastern Poland
(Bieszczady Mountains), wolves kill few domestic ungu-
lates during the grazing season (Smietana and Klimek
1993). However, during fall and winter, they readily feed
on livestock carcasses used to bait them in to be shot
from towers (Lesniewicz and Perzanowski 1989; Smie-
tana and Klimek 1993). In Greece, wolves subsist mostly
on free-ranging livestock (Adamakopoulos and Adama-
kopoulos 1993) because wild prey are rare (Papageorgiou
et al. 1994).

There may be seasonal differences in wolf reliance on
wild versus domestic prey, depending on the influence
of climatic (e.g., winter severity, snow depth) and dem-
ographic (i.e., production of newborns) factors on wild
ungulate vulnerability as well as on livestock accessibil-
ity as determined by husbandry practices and length of
the grazing season. In northern Sweden and in Siberia
(Chukotka), wolves rely on moose and wild reindeer
in winter, but turn to semi-domestic reindeer that are
herded within range in summer and fall (Bjdrvall and
Isakson 1982; Zheleznov 1992). In Bulgaria, domestic
prey predominate in the wolf diet in summer, but dur-
ing winter wild ungulates are most important (Ivanov
1988).

Similar seasonal patterns in wolf predation have been
reported in several other areas of Europe, where live-
stock depredation generally increases during the grazing
period and predation is redirected to wild ungulates dur-
ing the rest of the year. Where wild prey have been re-
stored, wolf predation on domestic animals has some-
times been reduced. In Poland, for example, livestock



losses to wolves were lower in the 1990s than in the 1950s,
after a four- to fivefold increase in red deer (Okarma
1993; cf. Perzanowski 1993). Similarly, in Romania, the
proportion of wolf stomachs containing domestic prey
declined from 76% in 1954—1967 to 22% in 1991, while
the proportion containing wild prey increased from 25%
to 78%; an increase in wild prey may explain the change,
but during the same period livestock grazing became
prohibited in many forested areas where wolves live
(Ionescu 1993).

As in North America, wolves may rely on medium-
sized prey such as hares and beavers in some locales.
However, the European beaver was reported in only
trace amounts in the wolf diet in Sweden (Olsson et al.
1997) and as a secondary prey after red deer in the
Ukraine (Tkachenko 1995); thus it seems much less im-
portant than the beaver in North America. Hares, how-
ever, were included in the wolf diet in twenty-two of
thirty-one studies in Eurasia. In the northern taiga and
tundra regions of Eurasia, where ungulate availability
may be quite low, the blue hare may locally be one of the
main prey (Okarma 1995). Hares are more important in
the wolf diet in summer, when they are more available
and ungulates may be less vulnerable (Bibikov 1982; Sal-
vador and Abad 1987; Jedrzejewski et al. 1992; Smietana
and Klimek 1993; Ciucci 1994).

In parts of Eurasia, wolves live in areas with relatively
little wild prey, but subsist nevertheless on a wide variety
of foods provided indirectly by humans. Foraging in gar-
bage dumps, wolves eat meat scraps and various fruits,
as well as inadvertently consuming nonfood debris. In
Israel, the following items were found in wolf scats: hu-
man hair, plastic, tinfoil, cigarettes, matches, and egg-
shells (B. Shalom, personal communication). In Min-
nesota, long, sharp shards of glass were found in scats of
garbage-dump-feeding wolves (L. D. Mech and H. H.
Hertel, unpublished data).

Perhaps because of the greater availability of fruit,
wolves in southern portions of Eurasia may feed on plant
material more extensively than those in North America.
Radio-collared wolves in the lowlands of central Italy
have been monitored as they moved through mature
vineyards (P. Ciucci, unpublished data). Fruit may pro-
vide vitamins for wolves in summer, as even in North
America it is not uncommon to find seeds from rasp-
berries and blueberries in wolf scats (Van Ballenber-
ghe et al. 1975; Peterson 1977; Fuller 1989b). Cherries,
berries (Hell 1993; Ciucci1994), apples, pears, figs, plums,
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grapes (Castroviejo et al. 1975; Guitian et al. 1979; Bibi-
kov et al. 1985; Gao 1990; Cuesta et al. 1991; Papageorgiou
et al. 1994), melon, and watermelon (Gao 1990) have
been reported in wolf scats.

Grass (Graminae) merits brief mention, as it appears
in wolf scats in North America as well as in Eurasia with
14— 43% frequency (Ragni et al. 1985; Salvador and Abad
1987; Patalano and Lovari 1993; Ciucci 1994; Papageor-
giou et al. 1994). Possibly grass acts as a scour or induce-
ment to vomit, ridding the intestine of parasites or the
stomach of long guard hairs that delay passage of food
through the gut, or as a source of vitamins (Mech 1970;
Kelly 1991).

North America

In North America, the wild prey of the wolf have largely
continued to occupy suitable habitats with relatively low
human density. An exception is the American bison,
which was virtually extirpated in the United States, but
survived as wolf prey in Canada’s Northwest Territories
(Carbyn et al. 1993), and has recovered in Yellowstone
National Park (Smith et al. 2000). Wolves have generally
subsisted on wild prey throughout their current North
American range, and they currently feed on garbage and
domestic stock only in isolated circumstances.

Wolves in North America experience strong seasonal
shifts in environmental conditions, including a lengthy
winter season in which ungulates are most vulnerable
to wolf predation because of snow accumulation and
elimination of water as a refuge (see Mech and Peterson,
chap. 5 in this volume). In winter, the diet of North
American wolves is dominated by ungulates. Juvenile
ungulates are often the most common age class killed
(see Mech and Peterson, chap. 5 in this volume), but be-
cause of their smaller biomass, they contribute propor-
tionately less to the wolf diet in winter than adults do.

Wolf predation patterns were documented in at least
eighteen studies within Canada during the 1980s (Hayes
and Gunson 1995). Wolves in Canada’s eastern region
are supported by moose and white-tailed deer, with deer
the commonest prey, while wolves in the western prov-
inces exist in multi-prey systems with up to four or five
ungulate species (elk, moose, mule deer or black-tailed
deer, mountain sheep, and caribou). In these mixed-
prey complexes, elk usually predominate in the winter
diet of wolves, but the carnivores may also rely on a sec-
ondary prey species (Weaver 1994; Bergerud and Elliott
1998; Kunkel et al. 1999). North of continuous forest in
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mainland Canada, wolves rely on migratory caribou,
while on the Arctic islands, muskoxen are the primary
ungulate prey (Miller 1995).

Six telemetry-based studies in Alaska revealed that
moose usually predominate in the diet of wolves in
multi-prey systems lacking elk or deer (Stephenson et al.
1995). In south-central Alaska, Ballard et al. (1987) found
that 70% of wolf kills were moose, with caribou a sec-
ondary source of prey. In northwestern Alaska, where
migratory caribou were the most abundant prey, moose
still composed 42% of wolf kills (Ballard et al. 1997).
Caribou are the most common prey where they are
abundant (Dale et al. 1994; Mech et al. 1998), and Dall
sheep (Murie 1944; Mech, Meier et al. 1995) and black-
tailed deer (Klein 1995) can be locally important prey
within their Alaskan ranges.

The near elimination of bison on the North American
continent late in the nineteenth century removed the
most abundant ungulate prey of wolves in North Amer-
ica, both in numbers and biomass. Up to 60 million
bison may have existed on the grasslands and plains
of North America (Roe 1951), although Native American
hunting may have kept bison numbers much lower than
the carrying capacity of their range, perhaps at only 10—
15 million animals (Shaw 1995) or even less (Kay 1998).
Hampton (1997) opined that 200,000 wolves might have
been supported by bison prior to European contact. No-
where else was there such a concentration of prey and
wolves (Van Ballenberghe et al. 1975).

Today we can only glimpse something similar when
wolves accompany migratory caribou numbering in the
tens of thousands on Canada’s Barrenlands. In the 1970s,
a single observer counted over fifty wolves in one day
following a caribou herd across a frozen lake during the
spring migration (D. Thomas, personal communica-
tion). Similarly, over thirty wolves have been observed at
one time on a frozen lake in Wood Buffalo National Park
(L. Carbyn, personal communication), one of the few
areas in the western provinces of Canada where wolves
today exist on a diet of bison. Bison were largely replaced
by domestic herbivores, and throughout the original
range of bison, wolves were eliminated by private and
government control efforts (Young and Goldman 1944).

There have been ten studies of wolf predation in
mixed-prey complexes including elk, providing data on
wolf predation in winter from 868 kills (Weaver 1994).
Wolf predation on deer equaled that on elk, as each prey
species constituted about 42% of the diet. Considering
food biomass available to wolves, elk emerged as the

most important prey (56% of total biomass), while deer
and moose each contributed about 20%.

Based on his study in Jasper National Park, Alberta,
Weaver (1994) believed that deer and elk were about
equal in terms of profitability (energy gain divided by
handling time; see Mech and Peterson, chap. 5 in this
volume), followed by moose and then bighorn sheep.
While moose provide a large biomass per kill, they re-
quire longer chases than elk (mean chase distance 883
Vs.100 —200 m, respectively: Weaver 1994), and they pose
a greater danger during encounters because they of-
ten stand and pugnaciously defend themselves (Mech
1966b). Elk are still relatively large prey, but they may be
less dangerous than moose and more hampered by deep
snow because of their shorter legs. Living primarily in
groups, elk probably have a relative advantage over more
solitary prey by having better senses and a lower individ-
ual probability of capture. Deer are even less able to cope
with deep snow and pose less threat to attacking wolves,
but Weaver (1994) found that the average chase distance
for deer exceeded that of elk. Bighorn sheep were taken
least often, probably because of the difficult escape ter-
rain they inhabit.

Studies of wolves in other multi-prey systems have
revealed a multitude of factors that may influence types
of prey killed (see Mech and Peterson, chap. 5 in this vol-
ume). Mech et al. (1998) examined 526 wolf-killed un-
gulates in Denali National Park. They found that wolves
killed approximately equal numbers of moose and cari-
bou (47% and 42%, respectively) and a much lower
number of sheep (11%), even though the park contained
approximately twice as many caribou (3,000 —4,000) as
moose and sheep (2,000 each). Wolves appeared to con-
centrate on the prey species in poorest condition, so pat-
terns of prey selection varied among years and among
seasons.

Dale et al. (1995) studied wolf predation patterns on
the same three prey species in Gates of the Arctic Na-
tional Park, Alaska. There, Dall sheep and moose were
locally abundant, at 5.0/10 km? (3.9 mi?) and 1.2/10 km?
in suitable range, respectively, while caribou density
varied fortyfold among four wolf pack territories (0.6
23.4/10 km?). Wolves killed a disproportionate number
of caribou, which accounted for 93% of 177 wolf kills.
When caribou migrated away and their density dropped
to less than 2/10 km?, resident wolves usually did not fol-
low the caribou, but rather preyed on the sparse moose
population (Ballard et al. 1997).

In summer, wolves in North America have a more



Adult wolves are very attentive to the pups. Both parents feed and care for them. Any older siblings similarly

participate in pup care and feeding. Kin selection is probably the best explanation for the latter behavior.
Top: Photograph by Isaac Babcock. Bottom: Photograph by L. David Mech.



Wolves sleep for much of the day. After a long hunt, it may take the pack 12 hours or even more before they
are rested enough for another long trek and hunting spree. Photograph by L. David Mech.

Although the main prey of wolves worldwide are large hoofed mammals, wolves sometimes supplement
their diets with smaller prey. In the High Arctic of Canada, wolves consume large numbers of arctic hares.
Photograph by L. David Mech.



When an adult wolf returns to the pups after obtaining food, the
pups rush the animal and excitedly lick at its mouth. The adult then
regurgitates a load of meat from its stomach, and the pups franti-
cally down it. Photographs by L. David Mech.



As they attack other large prey, wolves harass muskoxen to try to get them running. If the muskoxen flee,
the wolves follow, dashing into the herd to try to grab a calf or other vulnerable member. Photograph by L.
David Mech.

Once separated from a herd, a young muskox calf can be caught and subdued. Calves and old bulls consti-
tute the highest proportion of muskoxen killed by wolves. Photograph by L. David Mech.



Wolves quickly open a carcass and sort through the viscera to find the
most prized parts. Generally, liver, heart, and intestines are consumed
first, followed by the flesh, bones, and hide. Photographs by L. David
Mech.



Wolves learn to carry food in their mouths at an early age. They con-
tinue to do so throughout their lives to transport food to a peaceful
spot to eat it, to bury it for later use, or to bring it to the breeding fe-
male or pups or both at the den. Photograph by Isaac Babcock.

Pups find their parents and older siblings handy playthings. Adult
wolves, except some male parents, tend to tolerate all kinds of indig-
nities by the pups, including not only tail-pulling but also ambush-
ing, being pounced on, and constant pestering. Photograph by L.
David Mech.

Wolves seem to show great affection for pups. Regular touching and
lying against one another may provide both comfort and bonding,
or “affiliative ties.” Usually only a tired father wolf just home from a
long hunt disdains such overtures by pups. Photograph by L. David
Mech.

When a pup strays too far from the den, when danger threatens, or
when adults want to move the pups, an adult may pick a pup up

in its mouth and carry it a long distance. Most often it is the mother
wolf that carries pups. Photograph by L. David Mech.



Bottom left: Like most young animals, wolf pups are extremely play-
ful. Since litters are usually large, pups can play in numerous ways
with littermates. Tag, hide-and-seek, ambush, and tug-of-war are all
common games. Photograph by Isaac Babcock.

Top and bottom right: Wolf pups grow and develop rapidly. After
going through pug-nosed and kitten-like stages, the pups soon begin
taking on an adult conformation, as this 11-week-old pup shows.
Photographs by Isaac Babcock.



Parent wolves dominate their offspring to control them, and the male
breeder dominates the female breeder, although he routinely yields
food to her. Dominance is shown by a raised tail and hackles, whereas
submission is demonstrated by a lower body position and lowered
tail and ears. Photograph by L. David Mech.

Although most wolves are a mottled gray, their color can vary from
black to white and can include almost any shade in between. Their
markings also vary, as illustrated by this collection of pelts taken dur-
ing a wolf control program in Alaska. Photo by Alaska Department
of Fish and Game.

Captive-bred red wolves were reintroduced to northeastern North
Carolina in 1987. Photograph by Melissa McCaw. Photograph
supplied by the North Carolina Wildlife Resources Commission.



diverse diet than in winter, with significant contribu-
tions from beavers, snowshoe hares, and juvenile ungu-
lates. However, ungulates still usually compose more
than 75% of the biomass consumed by wolves in sum-
mer (Ballard et al. 1987; Fuller 1989b). Predation pat-
terns of wolves in summer have been estimated pri-
marily by scat analysis. Only Ballard et al. (1987) have
reported summer predation patterns determined from
direct observations; these workers studied radio-
collared wolves in south-central Alaska. They also ana-
lyzed over 5,000 wolf scats at dens and rendezvous areas.
Prey types were ranked similarly by direct observation
and by scat incidence converted to prey biomass: adult
moose > calf moose > adult caribou (cf. Ballard et al.
1997 and Spaulding et al. 1998). While Ballard et al. mea-
sured moose occurrence in the diet by direct observation
of kills, Peterson, Woolington, and Bailey (1984) believed
that most summer occurrence of adult moose in wolf
scats on Alaska’s Kenai Peninsula resulted from scaveng-
ing on moose killed in winter, as these authors observed
wolves scavenging on moose kills from the previous
winter, but rarely saw them feed on freshly killed adult
moose in summer.

In Minnesota, reliance on deer dropped from 90%
(frequency of occurrence in scats) in winter to 68% in
summer (Fuller 1989b) as beavers and snowshoe hares
became important prey. Potvin et al. (1988) found that
deer occurrence dropped from 81% in winter to 14% in
summer in Quebec, with moose increasing proportion-
ately. Fritts and Mech (1981) described a similar pattern
in northwestern Minnesota.

Calves and fawns are particularly important as wolf
prey in summer in many areas (Mech 1966b, 1988a;
Peterson 1977; Mech et al. 1998). Peterson (1977) found
moose calf remains in wolf scats six times more fre-
quently than remains of adult moose on Isle Royale. In
northeastern Minnesota, studies of radio-collared deer
indicated that wolves there rarely killed adult deer in
summer (Nelson and Mech 1986b), while they did take
fawns (Kunkel and Mech 1994).

Beavers are eaten by wolves in summer wherever the
two species coexist (Mech 1970; Frenzel 1974; Van Bal-
lenberghe et al. 1975; Fritts and Mech 1981), occasionally
composing the most frequent food item in scats (Voigt et
al. 1976). Fuller (1989b) found that in April and May
beavers provided 16% of wolf food biomass in north-
central Minnesota, similar to the 11% at Isle Royale in
summer (Thurber and Peterson 1993). No one has ever
described wolves preying on beavers, but at Isle Royale
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wolves seem to concentrate their travels along beaver
drainages, often resting for long periods near beaver
dams where these aquatic animals briefly, but predict-
ably, become vulnerable as they cross their dams.

Small prey are frequently eaten by wolves in summer,
but relatively little of the wolf’s total food comes from
small prey. At Isle Royale, adult moose (especially year-
ling animals, R. O. Peterson, unpublished data) compose
72% of ingested prey biomass in summer, but based
on calculated biomass and relative number of prey
(Thurber and Peterson 1993), other individual prey ani-
mals are consumed more often (calf moose 1.7 times
more often, with beaver and snowshoe hare 3.4 and 2.9
times more often, respectively). At Ellesmere Island, ju-
venile Arctic hares are the most frequent and reliable
wolf prey in summer (Mech 1988a, 1995c¢).

Wolves in North America typically do not subsist on
domestic animals and garbage except in small local
areas, but these may become secondary food sources in
summer. Where wolves had ready access to cattle in Al-
berta (pastures adjacent to continuous forest), Bjorge
and Gunson (1983) found remains of cattle in 20% of
wolf scats in summer. A Minnesota wolf pack that had a
municipal dump in its territory made nightly foraging
trips in summer for garbage (Hertel 1984).

The Wolf’s Predatory Adaptations

The prey defenses described by Mech and Peterson in
chapter 5 in this volume, and no doubt many others still
unknown, form one part of a constant tension between
wolves and their prey. The other part of that tension re-
sides in the total of the wolf’s abilities to locate, subdue,
and kill its prey. Over the eons, the coevolution of wolf
and prey (Bakker 1983) has resulted in an evolutionary
“arms race” (Dawkins and Krebs 1979; but cf. Abrams
2000). Darwin (1896, 110 —111) put it this way:

Let us take the case of the wolf, which preys on various an-
imals, securing some by craft, some by strength, and some
by fleetness; and let us suppose that the fleetest prey, a deer
for instance, had . . . increased in numbers, or that other
prey had decreased in numbers, during that season of the
year when the wolf was hardest pressed for food. Under
such circumstances the swiftest and slimmest wolves would
have the best chance of surviving and so be preserved or

selected.

The tension or basic equality between wolf and prey
explains the continued existence of prey in the face of
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wolf populations that survive by killing them. Under
usual food and weather conditions, the abilities of a prey
population to survive about equal the abilities of the
wolf population to make a living from the prey. During
unusual conditions favorable to prey, their numbers in-
crease despite wolves; during unfavorable conditions,
wolves foster their decrease.

Before the interactions of wolves and their prey are
discussed in detail (see Mech and Peterson, chap. 5 in
this volume), we will examine the wolf’s abilities to over-
come enough prey to survive and reproduce. The wolf is
well adapted to predatory life physically, mentally, and
behaviorally. Its digestive system, travel and sensory abil-
ities, aggressiveness, speed, endurance, and intelligence
are all advantageous to its predatory existence.

Digestive System

While it is said that the wolf is kept fed by his feet (Mech
1970), wolves possess other structures more directly in-
volved in capturing prey animals and consuming them
as quickly as possible. The wolf’s adaptation to a variety
of prey types and environmental conditions around the
world is indicated by the animal’s unspecialized carni-
vore dentition and digestive process.

Teeth and Skull

The hunting techniques of wolves are reflected in the
evolutionary shaping of the skull, especially the teeth.
Whereas felids often kill prey with a single penetrating
bite to the head or neck, canids usually dispatch prey
with numerous, shallower bites, delivered more oppor-
tunistically (Biknevicius and Van Valkenburgh 1996).
Solitary felids, assisted by sharp retractile claws, must be
able to kill even large prey with a single crushing bite, of-
ten to the head or neck region. Canids, with claws dulled
by travel, deliver bites with less precision, relying instead
on multiple slashes of teeth alone.

The variable tooth requirements for killing and con-
suming prey are evident in the wolf’s heterodont type
of dentition, comprising many different tooth types.
Muscle and skin from prey can be effectively reduced by
the shearing and compression actions of sharp, bladelike
teeth, but bone-cracking is best done by stout, cone-
shaped teeth (Lucas and Luke 1984; cited in Biknevicius
and Van Valkenburgh 1996).

A wolf’s mouth reflects a generalized carnivore pat-
tern, without the extreme specialization seen in the more
robust mandible, jaw-closing muscles, and premolars of

hyenas, adapted for bone-crushing, or the loss of bone-
crushing teeth in felids, adapted for an all-meat diet
(Biknevicius and Van Valkenburgh 1996). The one mov-
able joint in the wolf’s skull, the temporomandibular
joint (TM]J), where the mandible (lower jaw) connects
with the temporal bone of the cranium, is well grounded
at the back by a postglenoid process that helps prevent
dislocation while the mandible is severely stressed dur-
ing prey capture and consumption. Although the wolf
TMJ has better-defined structural boundaries than the
flat and open joint of herbivores, it lacks specializations
such as the extended preglenoid and postglenoid pro-
cesses of the mustelids, which allow the jaw to be locked
or heavily stabilized during closure around large and ac-
tive prey (fig. 4.2).

The wolf’s jaw is closed by several massive muscles
that act sequentially, each inserted for best mechanical
advantage as the mouth closes on its prey (fig. 4.3). The
primary closure muscle, the temporalis, is larger in
wolves and other carnivores than in herbivores, but it
has relatively less mass and mechanical advantage in
wolves than in felids, hyaenids, and mustelids (Radinsky
1981; Van Valkenburgh and Ruff 1987, cited in Biknevi-
cius and Van Valkenburgh 1996).

FIGURE 4.2. Lateral views of the skulls and details of the temporo-
mandibular joints of a mustelid (wolverine) (right) and a canid (left)
representing the wolf skull plan. The gray wolf has a small preglenoid
process (1) and a modest postglenoid process (2) compared with

the condition found in most predaceous mustelids, in which the
mandibular condyle is surrounded by enlarged preglenoid and post-
glenoid processes (3 and 4). (From Biknevicius and Van Valkenburgh
1996.)



FIGURE 4.3. Orientation of the fibers of the temporalis (T1-T3)
and masseter (M1—M3) muscles of the wolf, demonstrating the man-
ner of attachment that conveys powerful mechanical advantage to
the jaws.

Asymmetrical mechanical loading within the wolf’s
skull may be severe, as when bone is suddenly encoun-
tered by just one canine in a locking bite. Such torsional
strain may result in spiral fractures, but it is resisted by
buttressing of bone along diagonal lines that cross the
skull, and also by the limited length of the skull. Covey
and Greaves (1994) analyzed torsional strain in carnivore
skulls and concluded that the skulls of wolves and other
canids were as long as possible, given their width, allow-
ing maximal gape or jaw-opening dimensions. Felids,
ursids, and mustelids, on the other hand, have relatively
shorter, more robust skulls.

Canines and Incisors.  The anteriormost teeth, the
incisors and canines, are the primary tools that wolves
use to subdue their prey. The canines are designed to
stab and hold, assisted in the latter task by the incisors.
In the ensuing struggle, these teeth are undoubtedly sub-
jected to enormous stress. The entire weight of the wolf,
plus the force generated by movement of both predator
and prey, must be borne by these anterior teeth and their
bony anchorage in the mandible and skull.

Some appreciation of the magnitude of these forces
can be gained from watching wolves, teeth locked onto a
moose’s nose, being tossed from side to side and lifted
off the ground by their prey (Mech 1966b). Peterson has
observed wolves with a lock on a rear leg of a running
moose being dragged along for dozens of meters. In
thick timber, a moose can swing a clinging wolf with full
force against nearby trees, occasionally dislodging a wolf
with a poor grip. (This may explain the frequent broken
ribs seen in old wolves.)

Wolves use their canines to slash at the hide and
muscle of prey, producing lacerations and extensive
bleeding. This use contrasts with that of felids, which use
their canines to stab and hold struggling prey. These dif-
ferent uses of the canines are reflected in their configu-
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ration in the two types of carnivores. The circular cross
section of felid teeth, for example, reflects the unpre-
dictable direction of stresses on teeth deeply imbedded
in the flesh of prey. In contrast, the elliptical cross sec-
tion of wolf canines suggests adaptation to loads primar-
ily applied along the long axis of the ellipse, front to rear,
as when a wolf is pulled along by running prey (fig. 4.4).
Nevertheless, 50% of all observed broken teeth in nine
species of extant large carnivores were canines (Van
Valkenburgh 1988). While Vila, Urios, and Castroviejo
(1993) found no broken canine teeth in 500 wolf skulls
from the former Soviet Union, Phillips (1984) and Hau-
gen (1987) found that broken canines were common in
Alaskan wolves that fed on moose, but less common
where smaller prey predominated.

The wolf’s incisors play an important role in grasp-
ing and holding prey. The parabolic arrangement of
the incisors, in front of the canine teeth, appears to be
the primitive carnivore plan, but it may also reflect a
need for teeth that can be selective during omnivory
by canids. Among ungulate herbivores, a parabolic ar-
rangement of the incisors is characteristic of selective
browsers, while less selective grazers tend to have lin-
early arranged incisors (Biknevicius and Van Valken-
burgh 1996). In any case, the arrangement of wolf in-
cisors allows them to be used independently from
the canines (Mech 1970) to nip or pull at live prey, to re-
move tissues from dead prey, or to ingest small, non-
struggling food items such as berries or small mammals
(Biknevicius and Van Valkenburgh 1996).

Carnassials.  While incisors and canines make up
the prey-killing apparatus of wolves, the postcanine
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FIGURE 4.4. Cross sections of canine teeth reveal design differences
between canids and felids. Canids have an elliptical cross section
(large a/b ratio) that helps the tooth resist the strong front-to-back
pull exerted when a wolf is clinging to running prey. Felids, in con-
trast, have a more circular cross section (a/b ratio closer to unity).
(From Biknevicius and Van Valkenburgh 1996.)
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teeth are used primarily during the consumption of car-
casses. A diagnostic carnivore tooth adaptation is the
carnassial pair, the upper fourth premolar and the lower
first molar, used to slice through hide and meat. Among
canids, these teeth are relatively enlarged in species such
as the wolf that feed consistently on large prey (Van
Valkenburgh and Koepfli 1993). Each tooth from this
pair has two shearing edges separated by a V-shaped
notch on each edge of the cutting blade (fig. 4.5). As the
jaw closes, the upper and lower blades shear past each
other, trapping and cutting food between the converg-
ing notches (Greaves 1974; Lucas and Luke 1984). The
cutting edge is self-sharpening, maintained by mutual
abrasion as the shearing edges pass (Mellett 1981).

The wolf carnassial pair is multipurpose, as the rear
portion of the lower first molar (termed a “talonid ba-
sin”) is adapted as a crushing or grinding surface, paired

FIGURE 4.5. Functional morphology of the wolf carnassials and ad-
jacent molars. (A) Occlusal view of upper left fourth premolar and
first and second molars. (B) Occlusal relations of upper and lower
teeth. (C) Occlusal view of lower right first through third molars.
(D) Lateral outside view of the left carnassial teeth (fourth premolar
and first molar) approaching centric occlusion. The labels refer to
functional surfaces of the teeth. (From Biknevicius and Van Valken-
burgh 1996.)

with a smaller upper first molar (see fig. 4.5). The com-
parable tooth in mustelids is further specialized, with
crushing function enhanced by the presence of an en-
larged inner lobe. Hyaenids, on the other hand, have lost
all postcarnassial molars, and bone-crushing is accom-
plished by enlarged cone-shaped premolars anterior to
the carnassials (Biknevicius and Van Valkenburgh 1996).

Nutritional Needs and Body Composition

Prey flesh and wolf flesh are similar in terms of elemen-
tal constituents, so they are nutritionally exchangeable
—wolves are not likely to suffer specific nutrient de-
ficiencies if they consume entire carcasses of prey. More
than muscle tissue is required, however, and wolves ob-
tain essential elements of their diet from various body
organs and bones of their prey.

The body composition of a wolf gives a gross indica-
tion of the type of diet needed for physical maintenance.
A whole-body analysis of wolves has not, to our knowl-
edge, been performed, but dogs can provide a reason-
able approximation. Average body composition (plus
observed range) for adult dogs was as follows (Meyer
and Stadtfeld 1980):

Water, 56% (42—67%)
Protein, 16% (11—20%)
Fat, 23% (10 —41%)
Minerals, 3.5%
Carbohydrates, 1.7%

The skeleton is distributed among these compart-
ments, primarily as protein, fat (in bone marrow), and
minerals. The skeleton of dogs constitutes 5—20% of
body weight, averaging 12%; from allometric consider-
ations, we would expect wolves to be at the high end of
this range.

Water Requirements

In midwinter at northern latitudes, wolves drink little or
no water, yet the fat-free wet mass of most mature wolves
is about 73% water (Kreeger et al. 1997). Water is the uni-
versal solvent for a diverse array of chemical reactions,
is the principal blood constituent for transport and
the medium of the immune system, is required for tem-
perature regulation and digestion, and helps eliminate
toxins from the liver (Blaza 1982). Wolves regularly lose



water via urine, expired air, feces, and lactation, al-
though their kidneys are able to concentrate urine to a
high degree (Afik and Pinshow 1993).

Wolves in warm climates usually require free water
for thermoregulation. Desert wolves are not highly
adapted to conserve water, as are many other desert
mammals; rather, they evaporate considerable water in
order to dissipate excess heat (Afik and Pinshow 1993).
The mobility of wolves allows them to search out distant
sources of water that are inaccessible to many desert
mammals. In captive desert wolves, daily water turnover
in summer was 1.7 liters, compared with o.5 liters in win-
ter (Afik and Pinshow 1993).

Except for thermoregulation, wolves can obtain their
maintenance water requirements from their prey, both
from water in prey tissues and from water produced
by chemical oxidation of food. The primary ingredient
of tissues eaten by wolves is water, which constitutes
55—75% of fresh meat (Blaza 1982). The proportion of
water in muskoxen ranged from 51% to 75%, with adult
animals generally at the low end of the range (Adam-
czewski et al. 1995). By oven-drying several tissues from
a freshly killed moose, R. O. Peterson (unpublished
data) found that the water content of various organs was
as follows: liver 72%, heart 80%, kidney 81%, lung 77%,
muscle 78%.

The water produced by digestion—so-called meta-
bolic water—is also substantial. (Digestion is really a
process of hydrolysis, or “splitting with water.”) One
hundred grams of fat actually yields 107 g water (with ex-
tra mass coming from inspired oxygen), and complete
oxidation of 100 g protein yields 40 g water (Randall et al.
1997). The feces of wolves are relatively dry, reflecting the
extraction of water in the intestine. The average water
content of fresh wolf scats collected in winter was 28.9%
(SE = 0.5) (Fox 2001), less than half the water content of
food.

Free water intake is helpful, but not required, to pro-
cess food with a low water content (bones and hide) or
when a wolf is heat-stressed, as after a vigorous chase.
Liquid water is not commonly available to wolves in
winter in boreal or arctic regions. Even when water is ob-
tainable, it is infrequently drunk in winter. In a s50-day
field study on Isle Royale in January and February, in
which wolves or wolf packs were observed 160 times,
wolves were seen drinking water only twice, both times
after the heavy exertion of a moose chase (R. O. Peter-
son, unpublished data). It is not uncommon to see
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wolves grab a mouthful of snow after an unsuccessful
chase.

Lactation needs probably require nursing females to
drink water frequently; this water requirement may limit
den sites to locations near water (Mech 1970). Water in-
take in lactating females increases approximately in pro-
portion to their food intake, which may rise two- or
threefold over that of non-lactating individuals (Oftedal
and Gittleman 1989), but much of their water need will
be met by the food itself. We estimate, based on data pro-
vided by Oftedal and Gittleman (1989), that for a litter
of five or six pups, a nursing female needs to produce
about 1.2 liters (1.5 quarts) of milk each day (assuming an
energy density for milk of 1.4 kcal/g, an energy need of
882 kcal/day, and a milk density of 1.0 g/ml).

R. O. Peterson and L. D. Mech (unpublished data)
observed a lactating female with two pups at a den at
Ellesmere Island in late June 1996; during this time, the
pups were usually in the den. The water source for the
female was outside the den, and she drank water for
413 seconds during 77 hours of observation. R. O. Peter-
son (unpublished data) found that two large dogs drank
water at an average rate of 9.5 and 10.7 ml/sec, and the
maximum he recorded was 15.3 ml/sec. If the female wolf
drank water at this maximum rate, her intake would
have been 2.0 1/day.

Ingestion and Digestion

Like other carnivores, wolves possess a relatively short
gut because their diet of animal parts is highly digestible.
The digestive tract is a differentiated tube with valves
controlling the flow and movement of food through
the gut, assisted by wavelike muscular contractions, or
peristalsis. Our understanding of digestion in wolves
is largely inferred from studies of the domestic dog,
and the general plan of canid digestion presented here
follows Blaza (1982). Because the diet of dogs is also a
domestic product, we should draw parallels carefully
between the wolf and its domestic derivative. Neverthe-
less, the basic anatomy and physiology of digestion is
probably conservative—we might expect that the dog
lacks some enzyme systems or physiological capacity
that wolves retain, but it is unlikely that dogs would ex-
hibit physiological innovations or capacities not shared
with wolves (Meyer and Stadtfeld 1980).

Feeding responses in wolves begin even before food is
ingested, as salivation in the mouth is prompted by the
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sight and smell of food (the gustatory response studied
early in the twentieth century by Pavlov, the famous
Russian behaviorist). Salivation is heightened by the
presence of food in the mouth as taste is added to other
sensations. The most potent compounds for stimulat-
ing the taste buds in dogs, and presumably wolves,
are amino acids that taste sweet to humans, especially
L-cysteine, L-proline, L-lysine, and r-leucine (Bradshaw
1992). Taste buds respond to nucleotides, and their con-
stituent amino acids probably help distinguish among
meats of various nutritional qualities.

Saliva, produced by the tongue, the orbital and
parotid glands (dorsal), and the mandibular and sublin-
gual glands (ventral) (fig. 4.6), is a slightly acidic secre-
tion containing lubricating mucus that facilitates swal-
lowing. This reduces the time it takes for wolves to fill
the stomach, allowing maximum intake and minimum
loss to scavengers and fellow pack members. There is
little mechanical breakdown of soft food in the mouth
before swallowing, but hide and bone may require con-
siderable chewing before they can be swallowed.

The route to the stomach is through the short esoph-
agus, where more mucus (but no enzymes) is added.
The stomach serves as a site of digestion and as a reser-
voir that regulates flow to the small intestine (fig. 4.7).
The stomach mucosa (epithelium and underlying tis-
sue) secretes more mucus (which protects the stomach
wall from digestive enzymes), together with hydrochlo-
ric acid and various proteases (protein-digesting en-
zymes), especially pepsin. These stomach secretions are
released under nervous and hormonal control as a result
of the gustatory response and the presence of food in the
stomach. The hormone gastrin, for example, stimulates
the anterior portion of the stomach to produce acid and
digestive enzymes, and it promotes motility of the stom-
ach. Gastrin is released by the stomach mucosa as stretch
receptors detect distension of the stomach wall.
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FIGURE 4.6. Salivary glands of the wolf.
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FIGURE 4.7. Digestive anatomy of the wolf.

In its distal portion, the stomach lining produces al-
kaline fluids low in enzymes. These fluids are thoroughly
mixed with the stomach contents, partly neutralizing
stomach acids and producing a thick, milky liquid called
chyme. A pyloric sphincter muscle controls the flow of
stomach contents into the small intestine. Many factors
influence this flow, but the rate of passage is generally re-
duced by the presence of acids, irritants, fats, or chyme
in the anterior portion of the small intestine.

The small intestine is the “workhorse” of the diges-
tive tract, with an internal surface consisting of myriad
fingerlike villae that give the tract an area the size of a
small room. Here digestion is completed, aided by more
secretions from the gall bladder and pancreas. The pan-
creas, under hormonal control, secretes more digestive
enzymes, including proteases (for proteins), lipases (for
fats), and amylase (for carbohydrates), plus a large vol-
ume of bicarbonate salts, which neutralize the acidic
chyme. The gall bladder releases bile, a substance con-
tinuously produced by the liver, into the anterior small
intestine. Bile salts emulsify particles of fat and also acti-
vate some lipases.

While some absorption of nutrients occurs from the
stomach and large intestine, the small intestine is the site
of most nutrient uptake. Protein products (and any
carbohydrates) are absorbed by the bloodstream, while
most fat derivatives enter the lymphatic system. Al-
though newborn animals can absorb some intact pro-
teins, such as maternal antibodies in colostrum, most
protein uptake occurs via the derivative amino acids.
Water is absorbed passively via osmosis, mostly in the
small intestine, as are vitamins, both water-soluble (B
group, C) and fat-soluble (A, D, E, and K).

The final portion of the wolf gut, the large intestine,
conducts most of the minor water and electrolyte ab-
sorption and hosts the bacterial breakdown of protein



and fiber residue (which give feces their characteristic
smell and color). Undigested residues, together with wa-
ter, minerals, and dead bacteria, are stored in the rectum
for evacuation as feces. As explained below, the time re-
quired for these processes depends on the type of meal
eaten.

Caching

When a wolf is sated, it begins caching food (Kreeger
etal. 1997). Food caches might include anything from an
intact caribou calf weighing some 6—8 kg covered with
snow (Adams, Dale, and Mech 1995) to several food
chunks regurgitated into a hole dug in the ground and
then covered by movements of the nose (Mech 1970;
Mech and Adams 1999). Mech (1970) and Peterson
(1977) did not observe wolves caching food in winter on
Isle Royale, although their observations were from air-
craft. Mech (1970) suspected that wolves sometimes
cached food in winter, yet there appear to be no docu-
mented cases of wintertime caching by wolves. Mech
(1970) pointed out that in winter wolves would have little
reason to cache, as a pack could easily clean up a kill in
its entirety.

In summer, when wolves hunt singly or in small
groups, caching appears to be an important behavior
(Murie 1944; Cowan 1947) that helps secure excess food
left from large prey or reduce loss to scavengers and
maggots (Mech 1970). Caching helps buffer the irregu-
larities of a predatory economy, for if prey are difficult to
find or catch, a wolf can dig up caches and bide its time
until it can capture prey again. On Ellesmere Island,
where the ground is frozen for 9—10 months of the year,
L. D. Mech (unpublished data) saw a wolf eating a hare
that apparently had been cached for about a year.

After an initial feeding, and before resting, a female
wolf on Ellesmere Island was observed to immediately
commence caching trips, probably up to 5 km (3 mi)
from the kill (Mech and Adams 1999). Two caches that
Mech dug up weighed 0.65 and 0.66 kg, so up to sixteen
caches could have been made from a full stomach weigh-
ing 10 kg (22 pounds). Wolves appear to have a high de-
gree of control over the amount of food that may be re-
gurgitated, either for packmates or into caches, as they
often regurgitate multiple times after a single filling of
the stomach.

Magoun (1976) observed six caches made by a wolf on
a single trip after 20 minutes of feeding on a fresh car-
cass. In 1996 Mech and Peterson saw a breeding male
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on Ellesmere Island regurgitate five times in less than
2 hours, provisioning pups and his mate as well as mak-
ing two caches in one hole that was 30 cm (11 inches)
deep (Mech et al. 1999). The hole contained 2.5 kg
(5.5 pounds) of muskox parts and a small bit of Arctic
hare.

Magoun (1976) found that only one of twenty-eight
food caches made by wolves in summer in the Arctic
National Wildlife Refuge were in the vicinity of the kill
(< 46 m). Wolves appeared to purposely distance them-
selves from the kill before caching, probably to reduce
theft by other scavengers (Murie 1944; Magoun 1976).
Murie (1944) related an instance in which a wolf ap-
peared to purposely leave a confusing trail when carry-
ing food away for caching, especially by intermittently
walking in water. Nevertheless, food caches of wolves are
raided by bears, ravens, and foxes, the same suite of scav-
engers that follow wolves at prey carcasses (Murie 1944;
Mech 1970; Magoun 1976). Only five of fourteen simu-
lated food caches were left undisturbed after 2 days
(Magoun 1976).

Fat Storage and Fasting

The bodies of wolves may store surplus food energy as
fat, which contains, gram for gram, over twice as much
caloric energy as proteins or carbohydrates (Randall et
al. 1997). Potentially, at least 15% of a wolf’s weight can
be composed of fat (Kreeger et al. 1997), and this is prob-
ably a conservative estimate.

On average, wolves are probably much leaner than
most dogs. As total body components, fat and water are
inversely proportional to each other, and together they
make up 80% of the canid body: fat levels of 40% are as-
sociated with water levels of 40%; levels of 10% fat, with
70% water (Meyer and Stadtfeld 1980). Like many carni-
vores, wild wolves are often food-limited and typically
exist near the low end of their fat content range. This
can be seen in the depletion of their bone marrow fat,
which is the last fat reservoir in the body, the final stored
source of energy before muscle catabolism is required to
sustain life (Mech and DelGiudice 1985). The bone mar-
row fat of free-ranging wolves is often partly depleted. Of
forty-two wild wolves taken by trappers and hunters
during winter in Ontario, 17% had used most of their
marrow fat, and another 12% had begun marrow fat de-
pletion (fat content < 70%) (LaJeunesse and Peterson
1993). Total body water for three desert-dwelling wolves
living in captivity in Israel averaged 68% of body mass,
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TABLE 4.1. Extent of total weight loss for Isle Royale wolves that died of starvation

Live weight and Weight and Estimated
Wolf Age (yrs)” date of capture time of death weight loss
Male 2224 11 36 kg, 1 May 1988 29 kg, Jan 1991 24%
Male 2518 9 31 kg, 21 Aug 1990 25 kg, Jan 1994 19%
Female 2542 8 — 22 kg, Feb 1994 29%"
Male 1565 10 — 26 kg, Jun 1980 330"
“Waite 1994.

b Assuming average female weight of 31 kg (N = 7) and male weight of 39 kg (N = 7), based on Isle

Royale wolves weighed live during 1988 -1994 (R.O. Peterson, unpublished data).

corresponding to fat levels of about 12% (Afik and Pin-
show 1993).

Wolves possess a remarkable ability to survive long
periods of low food intake. The actual period of fasting
for wild wolves is unknown because monitoring of indi-
viduals is inevitably fragmentary. Peterson commonly
observes single wolves on Isle Royale existing for several
weeks in winter without killing a moose. They frequently
scavenge old prey carcasses and may, for example, spend
days at a time in winter at a single location while hunting
snowshoe hares or beavers (Thurber and Peterson 1993).

In the absence of food, wolves and other animals lose
weight daily. Captive wolves that were fasted for 13 days
lost an average of 262 g (9 oz)/day (DelGiudice et al.
1987), while others fasted 10 days lost 400 g (14 oz)/day
(Kreeger et al. 1997). In the latter case, 54% of the weight
that males lost consisted of water, 28% of fat, and 18% of
protein/ash; for females, the comparable figures were
58%, 20%, and 22% (Kreeger et al. 1997). Based on these
figures, a 50 kg (110-pound) wolf composed of 15% fat
(7.5 kg) could fast for about 67 days before losing all its
fat. Of course, wild wolves without food would be spend-
ing much time traveling and hunting, and would use
more energy than captives. The wolves that were fasted
10 days were able to regain all of their weight in 2 days of
ad libitum feeding (Kreeger et al. 1997).

After exhaustion of fat reserves, muscle protein can
be catabolized as a last resort to sustain life. If wolves typ-
ically have fat levels near the minimum for dogs (10%)
and the same range of protein levels (11-20%), then as
much as 21-30% of their weight might be catabolized
before all internal energy reservoirs are exhausted. Cap-
tive wolves ranged from 9.0% to 13.1% fat (Kreeger et al.
1997), and when fasted for 10 days, lost mass in water, fat,
and protein /ash in a manner similar to seasonal changes

in body mass observed in coyotes (Poulle et al. 1995).
Four Isle Royale wolves that died of starvation had lost
19—-33% of their initial live weight (table 4.1). Peterson
boiled the carcass of one of these wolves to recover the
skeleton, and found no fat whatsoever.

As long as water is available, fasting is not life-threat-
ening for most animals until weight loss approximates
about 50% of the normal body mass (Kleiber 1961).
However, survival time for starving animals is prob-
ably highly variable, and several records exist of wolves,
which normally have low fat reserves, succumbing to
apparent starvation when about one-third of body mass
was lost (see table 4.1). Mech et al. (1984) reported a wild
female wolf weighing 18.6 kg (40.9 pounds), about 27%
below the average weight for well-fed captive female
wolves in Minnesota, that appeared near death from
starvation. After 9 days of recuperation and ad libitum
feeding, the wolf was released in the wild and survived.

Dogs, and presumably wolves, possess the ability to
alter their enzyme systems to adapt to a diet low in pro-
tein and its constituent amino acids (Meyer and Stadt-
feld 1980). With a low-protein diet, catabolic enzymes
for diet amino acids decline, primarily in the liver, so
that a lower proportion of the diet amino acids are ca-
tabolized. These enzyme adaptations occur on a scale
of hours to days. Thus the animal conserves nitrogen
from protein and survives in spite of a low protein in-
take. Of course, if a wolf has inadequate protein, it is
probably starving, while a domestic dog might simply
be responding to low protein in a diet that is energy-
rich from carbohydrate additives. Nevertheless, dogs
and wolves can adjust their enzyme systems in ways that
cats cannot, as cat liver enzymes are permanently set for
a medium- to high-protein diet.

Thewolf,adapted to afeast-or-famine diet, can quickly



recover weight lost during fasting (Kreeger et al. 1997).
The amazing record of a Scotch collie dog that survived
two experimental fasts early in the twentieth century
demonstrates this capability. After 45 days of fasting, the
dog was near death, but recovered completely upon re-
feeding and went on to survive a second fast of 117 days,
in which 63% of its original weight of 26.3 kg (57.9
pounds) was lost (Howe et al. 1912; cited in Kleiber 1961).
Many physiological aspects of fasting in wolves are poorly
understood. For example, we know nothing about the
possibility that organs may diminish in fasting wolves,
thus reducing metabolic demands (Hammond and Dia-
mond 1997).

Hunting Behavior

While they are able to deal with food scarcity, wolves are
also well equipped for minimizing it. As capable travel-
ers, wolves can locate prey over large areas, even when it
is scarce or less vulnerable (Mech et al. 1998). In winter
on Isle Royale, packs of wolves traveled average distances
between kills of 42.4 km (26.5 mi) (Mech 1966b) and
49.4 km (29.6 mi) (R. O. Peterson, unpublished data).
Much of this travel involves searching for prey, and may
occur in a single night of hunting. The wolf’s keen hear-
ing, acute sense of smell, and excellent eyesight greatly
aid in these searches (see Harrington and Asa, chap. 3 in
this volume).

When the wolf does find prey, it uses several other
traits that serve it well, especially boldness, speed, and
endurance. As already indicated, most prey species are
potentially dangerous to wolves. Thus, in approaching
them, a wolf must be careful enough to avoid harm, yet
bold enough to attack. No doubt experience and learn-
ing come into play in helping wolves fine-tune their
judgment at this crucial stage. This probably explains
why wolves give up many hunts readily (Mech 1970).

On the other hand, wolves may also press the attack
vigorously. They can run at 56 —64 km or 34—38 miles/
hour and continue running for 20 minutes or longer, al-
though not necessarily at this speed (Mech 1970). An 11—
13-year-old male chased a young arctic hare for 7 min-
utes, finally catching it when the hare slowed down
(Mech 1997). While wolves most often give up chases
within 1—2 km (Mech 1970), one wolf chased, trailed,
and followed a deer for 21 km (13 mi) (Mech and Korb
1978). Wolves’ bold persistence is most apparent when
they attack their largest prey, moose (Mech 1966b; Peter-
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son 1977; Hayes 1993; Nelson and Mech 1993), bison
(Carbyn et al. 1993), or muskoxen (Mech 1987b, 1988a).
Television documentaries such as National Geographic’s
White Wolf (1988) and the BBC’s Wolves and Buffalo:
The Last Frontier (1996) show how bold and persistent
wolves can be. These videos, made with the assistance of
biologists, accurately show wolves dashing into running
herds of muskoxen and bison, respectively, and attack-
ing despite the thrashing hooves and horns all around
them.

These observations of wolves abandoning and press-
ing attacks suggest that wolves can reasonably estimate
the vulnerability of individual prey in various situations.
As they hunt day after day, gaining experience, their ba-
sic ability to learn quickly and perceive complexities (see
Packard, chap. 2 in this volume) no doubt continually
helps hone their hunting and killing prowess.

Wolves’ almost universal concentration on young-of-
the-year soon after they are born (Murie 1944; Mech
1966b; Pimlott 1967; Kunkel and Mech 1994) is another
reflection of their learning ability. L. N. Carbyn (per-
sonal communication) even observed an instance in
which wolves passed up an obviously debilitated adult
bison to focus on killing calves. No doubt wolves also
learn when to concentrate on other categories of vul-
nerable prey that may not be so obvious to humans (see
below).

In addition to learning when certain prey classes are
vulnerable, wolves probably also learn where to find
these prey. That wolves can remember locations of vul-
nerable animals was demonstrated on Isle Royale, where
in 1984 Peterson watched a pack head 20 km (12 mi) di-
agonally across the island straight to a moose wounded
6 weeks before.

There are several stages to the wolf’s hunting be-
havior: (1) locating prey, (2) the stalk, (3) the encounter,
(4) the rush, and (5) the chase (Mech 1970, but cf. Mac-
Nulty 2002). Depending on the species of prey and the
individual situation, these stages may overlap or be tele-
scoped to varying degrees.

Locating Prey

To locate prey, the wolf depends on its keen senses and
its ability to travel long distances. Not only must the wolf
find prey, but it must find prey it can catch and kill.
Doing so usually requires scanning large numbers of
prey. Thus wolves spend 28—50% of their time travel-
ing, at least during winter (Kelsall 1957; Mech 1966b,
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19773, 1992; Peterson 1977; Peterson, Woolington, and
Bailey 1984).

On Isle Royale, where the entire route of a pack of
fifteen wolves was mapped from 4 February through
7 March, 1960, the animals covered 443 km (266 mi) and
killed eleven moose (Mech 1966b). Assuming their aver-
age hunting success rate of 7.8% (Mech 1966b), this im-
plies that the wolves actually tested an average of about
one moose per 3 km (1.8 mi). On the other hand, where
prey is much less dense, as on Ellesmere Island, wolves
must travel much farther on average to find large prey
(Mech 1988a).

Wolves use all their senses as well as luck to find prey,
relying primarily on chance encounters, tracking (Peter-
son 1977), and scenting (Mech 1966b; Peterson 1977) in
heavily wooded areas (Mech 1970) and on sight (Haber
1977; Peterson 1977) and scent in open areas. With young
arctic hares that crouch in furrows on Canada’s barren
grounds, wolves sometimes spot one from several me-
ters away, walk to it, and merely snatch it up (L. D. Mech,
unpublished data).

When traveling, wolves generally file along one be-
hind the other. However, sometimes when climbing a
hill or heading through areas of thick cover where prey
such as deer or smaller species may reside, they fan out,
presumably to better scare up prey and position them-
selves to capture it (Stenlund 1955; Kunkel and Pletscher
2001).

Stalking Prey

Once wolves locate prey, they attempt to get as close to it
as possible, unless their initial encounter results in the
prey detecting them and fleeing (Kunkel and Pletscher
2001). “As they close the gap between themselves and
their prey, the wolves become excited but remain re-
strained. They quicken their paces, wag their tails, and
peer ahead intently. Although they seem anxious to leap
forward at full speed, they continue to hold themselves
in check” (Mech 1970, 199). An excellent example of
wolves stalking muskoxen can be seen in the television
documentary White Wolf (National Geographic 1988).
On the barren grounds, wolves try to use gullies and
other uneven terrain to make their stalk (Mech 1988a).

The Encounter

Next comes the encounter, when wolves and prey first
see and confront each other, often at a distance. Three
things can happen: The prey can remain in place, ap-

proach the wolves, or flee. It is larger prey that most
often stand their ground. However, even arctic hares
sometimes hold still when they spot wolves and continue
to hide until grabbed, or until they realize they have been
seen (L. D. Mech, unpublished data). With larger prey,
wolves generally wait until the prey flees before they re-
spond. Our experience is similar to that of Crisler (1956,
340), who observed that “a wolf prefers not to be eyed
when approaching prey.”

When hunting Dall sheep, according to Murie (1944,
110), “the method is to get above a sheep and force it to
run down, for a sheep running upward can quickly out-
distance the wolves and escape. Sheep on somewhat iso-
lated bluffs where space for maneuvering is limited are
in danger of having their upward retreat cut off and of
being forced to run down to the bottom.” In a case in
which young wolves had cornered a lamb on a precipice
below which they could not reach, their mother helped
them out by shinnying down a rock toward the lamb.
However, she ended up plummeting 5 meters over a
cliff, bouncing once, and landing in a boulder field.
Meanwhile, to avoid the wolf, the lamb had climbed up
and into the jaws of the waiting pack. The mother wolf
apparently survived (J. W. Burch, cited in Mech et al.
1998).

Large prey that approach wolves or stand their
ground upon seeing wolves present a dilemma. Even
deer occasionally stand their ground or defy wolves
(Mech 1984; Nelson and Mech 1993). With any such an-
imals, wolves approach, usually cautiously, and try to
threaten the prey face-to-face. Whether the threat in-
cludes any of the signals with which wolves threaten one
another (i.e., bared teeth, growling, barking,) is un-
known; such threats have not been reported and are not
evident in photos (Mech 1987b, 1988a) and drawings
(Gray 1987) of wolves approaching prey.

If the prey stands its ground long enough, the wolves
eventually leave, although they may remain with the
prey for 4 hours or longer, periodically trying to get
them to run (Gray 1987). With bison, wolves may remain
near herds for 6 days (Carbyn et al. 1993). When prey do
flee, whether directly upon encounter or after harass-
ment, the wolves immediately pursue. This is true even
if they are feeding on a kill and nearby standing prey
suddenly try to flee (L. D. Mech, unpublished data).
Such behavior triggers the rush phase of the hunt (Mech

1970).



The Rush

The exact nature of the rush depends on the prey species
and on the individual circumstances. With small single
prey such as hares, deer, or caribou calves, which are eas-
ily killed or gravely wounded with a few bites, wolves at-
tempt to catch up to them as soon as possible. With
herds of prey such as caribou and elk, the wolves may
just run along with the herds, apparently searching for a
vulnerable individual (Landis 1998).

With moose (Mech 1966b), muskoxen (Gray 1987;
Mech 1988a), bison (Carbyn et al. 1993), and elk (Mac-
Nulty 2002), wolves attempt to get their quarry running.
In one notable example of this strategy, a single wolf ap-
proached from behind twenty muskoxen that were lying
down facing into the wind; it then poked its nose into a
bull’s rump. “The startled bull jumped up and whirled
around to face the wolf. He gland-rubbed as the wolf
circled, then charged the wolf. The wolf ran briefly, then
walked away, yawning” (Gray 1987, 131).

The Chase

The chase is the continuation of the rush. Thus, if wolves
do get a moose or a herd of muskoxen or bison run-
ning, they chase them and probably watch for weakness.
Murie (1944, 109) wrote that the prey were “given a
trial,” and Mech (1966b, 124) believed the wolves were
“testing” the prey. As discussed below, the victims of
wolves are almost always vulnerable in some way. With
individual moose, sometimes the wolves chase without
attacking and finally give up; on other occasions the
wolves attack and kill the moose (Mech 1966b, 1970; Pe-
terson 1977; Haber 1977).

When muskoxen and bison attempt to keep their
calves toward the center of the herd, the wolves try to
rush in and grab them away. Sometimes the wolves try
grabbing an adult out of the herd, presumably after hav-
ing detected one with a weakness.

Generally chases are not long. With the exception de-
scribed above of a wolf chasing, tracking, and following
a deer for 21 km, the longest chase recorded, which in-
volved caribou, was about 8 km (4.8 mi) (Crisler 1956).
Most often the distance is much less (Mech 1970).

Solo, Pair, and Pack Hunting

Although it seems logical that one of the wolf’s primary
adaptations for hunting is its social nature, the evidence
seems to contradict this notion (see Mech and Boitani,
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chap. 1in this volume). Indeed, single wolves are known
to be able to kill even the largest prey, such as moose
(Young and Goldman 1944; Thurber and Peterson 1993),
bison (D. Dragon, cited in Carbyn et al. 1993), and
muskoxen (Gray 1970).

It would seem that a pair of adult wolves would be
more efficient at hunting and killing most prey than
would single wolves. Pairs could maneuver better than
a single wolf, and one wolf could distract the prey while
the other attacked. With even more wolves in the group,
the job should be even easier. However, packs larger
than an adult pair include primarily young, less experi-
enced wolves, which often just follow along behind
their parents and contribute little to the attack (Mech
1966b; Haber 1977). On the other hand, emerging evi-
dence from Yellowstone National Park indicates that
when pack breeders are older, the maturing pack mem-
bers may lead attacks on prey (D. R. MacNulty, unpub-
lished data). In any case, packs kill less food per wolf
than do pairs, and of all pack sizes, pairs are the most
efficient per wolf (see Mech and Boitani, chap. 1, and
Mech and Peterson, chap. 5 in this volume). Whether
pairs are any more efficient per wolf than single wolves is
unknown, although it seem likely that they are.

Strategic Cooperation

Although it is difficult to assess the intelligence of ani-
mals, wolves probably rank among the more intelligent
species, as anyone who has raised dogs can attest, and
they appear to learn quickly and show insightful behav-
ior (see Packard, chap. 2 in this volume). Thus we would
expect that wolves might develop cooperative hunting
strategies. By “cooperation” we do not mean merely
group chasing in which the pack is all strung out in line
behind the prey (see fig. 5.2). Rather, we mean conduct-
ing the hunt or chase in such a way as to capture the prey
more effectively than by merely running after it as a
group. Examples of such strategies would be chasing into
ambush, heading off fleeing prey, or taking turns chas-
ing (“relay running”).

Uses of teamwork, relay running, ambushing, or de-
coying by wolves have all been claimed (Young and
Goldman 1944; Kelsall 1968; Rutter and Pimlott 1968);
Haber (1977) considered the use of cooperative strategies
“frequent.” On the other hand, several workers who ob-
served countless instances of wolves hunting Dall sheep
and caribou (Murie 1944), moose (Mech 1966b; Peterson
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TABLE 4.2. Wolf and ungulate biologists” opinions and observations about the possibility of wolves using cooperative hunting strategies

Reply
Question Yes No Maybe Species
1. Do you believe that wolves consistently or deliberately ever employ 8 10 1
a strategy in which one or more wolves chase prey to one or more
wolves waiting in ambush?
2. If you answered “yes” to the above, do you think you have observed 7 4 1 Caribou (4), horse,
one or more such hunts, and if so, with what prey species? white-tailed deer,
moose, arctic hare
3. Do you believe that wolves consistently or deliberately use a strategy 4 14 0
of running prey in relays; that is, first one wolf chasing an individual
and then, while that wolf rests, a second wolf taking up the chase, etc.?
4. If you answered “yes” to the above, do you think you have observed 3 1 0 Caribou (3), moose
one or more such relay runs, and if so, with what prey species?
5. Do you believe wolves use any other form of cooperative hunting 15 0 2

strategy?

Note: Respondents were W. Ballard, D. Boyd, J. Burch, L. Carbyn, B. Dale, T. Fuller, B. Hayes, D. Heard, D. MacNulty, M. McNay, D. Mech, T. Meier, F. Messier,

F. Miller, M. Nelson, R. Peterson, D. Smith, B. Stephenson, and V. Van Ballenberghe.

1977), deer (Mech 1966a; Mech and Frenzel 1971a), bison
(Carbyn and Trottier 1987, 1988), muskoxen (Gray 1970,
1987; Mech 1988a), and elk (MacNulty 2002) made little
mention of the wolves’ use of cooperative maneuvers.
One exception was an observation of parent wolves po-
sitioning themselves along the ends of rocky ridges and
ambushing arctic hares as the pack yearlings chased
them by (Mech 1995¢).

Because hunts usually include several wolves and
prey, all moving over a large area, and because most ob-
servations of hunts have been made from circling air-
craft, it is possible to make many interpretations for each
hunt. Apparent cooperation or high-order strategies
might be only the incidental result of haphazardness in
movements or of interpretation by the observer.

African lionesses do cooperate strategically in hunt-
ing (Stander 1992), so it is not far-fetched to think that
wolves might do so. On the other hand, lionesses remain
together for years, which would give them time to learn
to cooperate. Most wolf pack members disperse before
2 years of age (Gese and Mech 1991), and even the tenure
of most breeding adults is short (Mech et al. 1998). The
fact that food acquisition per wolf decreases with pack
size (Schmidt and Mech 1997), contrary to the findings
for lions (Stander and Albon 1993), also implies that
wolves may not often cooperate strategically in hunting,
except possibly for mated pairs.

A survey of nineteen biologists who have observed
many wolf-prey encounters reveals no unanimity in
their beliefs about the wolf’s possible use of ambushing
or relay running (table 4.2). Most wolf biologists be-
lieved that wolves do sometimes use some forms of co-
operative strategy, but the number of descriptions in-
cluding convincing examples of it is low. Most described
chases were simple and straightforward.

The Ecology of Feeding

There is surprising order to the natural frenzy of wolves
killing and consuming prey. When wolves kill a large an-
imal, there is usually more food available than the pack
can consume during its initial feeding. Some parts of
prey are readily eaten by wolves or by any of the impor-
tant competing scavengers, so one would expect easily
stolen components to be eaten first. Portions of prey that
are high in essential nutrients should also be eaten as a
first priority. Thus the order in which various organs and
body parts are consumed tells us something about the
ecological and nutritional constraints that wolves face.

Feeding Patterns

Small prey, up to the size of a 20 kg (44-pound) beaver,
a deer fawn, or even a calf moose, can be eaten entirely



within a few hours, especially if several wolves are pres-
ent. Eight wolves in Alaska killed and consumed a year-
ling caribou and left, all within 3 hours (Ballard et al.
1997). Researchers may find nothing at all remaining
from juvenile prey, or perhaps just a mat of hair at the
kill site (Pimlott et al. 1969), even from a 150 kg (330-
pound) moose calf in winter (R. O. Peterson, personal
observation). Large prey, such as moose, reveal more
about the systematic manner of wolves’ feeding. The fol-
lowing are some general patterns, based on published
studies (Mech 1966b, 1988a) and R.O. Peterson’s field in-
spection of hundreds of moose killed by wolves.

Eating prey carcasses as quickly as possible is an obvi-
ous priority for wolves, but there are physical limits to
intake even for these voracious animals. Scavengers de-
scend on fresh wolf kills with vigor, removing substan-
tial amounts of food that would otherwise be available to
wolves. Clearly, the greatest gain (for both wolves and
competing scavengers) is associated with the first feeding
on a fresh carcass.

In a study of scavenging on potential wolf prey,
C.Promberger (unpublished data) assumed that average
per capita consumption of a carcass by wolves would be
10 kg (22 pounds) on the first day, then 6 kg (13 pounds)
on successive days. In addition to removal by wolves,
there is progressive loss of food to scavengers. Further-
more, in winter, even hide-covered portions of carcasses
will freeze within 2 days (if the internal organs are re-
moved) in very cold conditions (approximately —20°C)
(C. Promberger, unpublished data), so the rate of intake
from a single prey carcass will steadily decline.

Freezing of carcasses provides a food bank that re-
duces loss to other scavengers and preserves food for
wolves. And carcasses of large prey, such as moose,
are protected from small scavengers while still covered
by thick hide. Most scavengers active in winter have
smaller mouths than wolves and are less able to reduce
a frozen carcass effectively. Wolverines may be power-
ful enough, and another exception may be the wild
boar, a major scavenger of wolf kills in many Euro-
pean countries (P. Ciucci, unpublished data). Peter-
son once watched five frenzied red foxes trying to steal
parts from an intact and unfrozen cow moose; in al-
most 3 hours they had succeeded only in removing the
tongue, eyes (together with ravens), and outer portions
of the anus.

Even wolves may be challenged by the frozen car-
casses of prey. In January and February 1994, daily min-
imum temperatures on Isle Royale were rarely above
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—18°C (0°F) for 5 weeks. During this period, an elderly
breeding pair in one pack, both 8—9 years old and with
well-worn teeth, died of starvation, even though their
pack was able to kill moose. Another pack, after a mid-
February thaw that lasted several days, traveled directly
across its territory and consumed a moose that had died
of malnutrition more than a month before and had lain
intact, but frozen solid.

It is the prerogative of the dominant male and female
wolves to feed first, and, based on observations on Isle
Royale in winter, these are usually the wolves to first
open a fresh carcass. There is, of course, great variation
in feeding patterns, depending on individual wolves and
situations, and systematic data on the feeding order of
wolves has not been gathered except in captive packs
(Zimen 1976). Parent wolves are usually (although not
always; see above) the hardest workers during the actual
killing of prey (Mech 1988a); sometimes they lie down to
rest once a kill is made, and other wolves begin to open
the carcass.

The feeding order lies at the core of important behav-
ioral dynamics within a wolf pack, probably influencing
dispersal of individual wolves and ultimately regulating
pack size in relation to prey size (Mech 1970). It also
reflects the competition for food that may exist within a
pack. Many wolves feeding centrally at a kill usually re-
sults in squabbles, and wolves with little social standing
must wait their turn, especially if food is short or prey is
small. High-ranking wolves may complete their initial
feeding on a fresh kill in an hour or less (Murie 1944;
Mech 1970). Magoun (1976) found that mean time for
continuous feeding in summer was 14 minutes, although
Mech and Adams (1999) observed a female wolf on Elles-
mere Island feeding for 63 minutes on a freshly killed
muskox. Some 81% of wolf feeding bouts in summer
lasted less than 30 minutes (Magoun 1976).

Wolves usually tear into the body cavity of large prey
and pull out and consume the larger internal organs,
such as lungs, heart, and liver. The large rumen (weigh-
ing about 60 kg or 132 pounds for a moose) is usu-
ally punctured during removal and its contents spilled.
The vegetation in the intestinal tract is of no interest to
wolves, but the stomach lining and intestinal wall are
consumed, and their contents further strewn about the
kill site. Smaller internal organs, such as kidneys and
spleen, are then exposed and eaten immediately. Some-
times the rumen contents, with or without the sur-
rounding rumen, freeze and become one of the few signs
left of a kill in winter.
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Magoun (1976) provided details on the feeding be-
havior of two wolves that fed on a caribou carcass she
provided in summer. In the first 15 minutes, the back-
strap, some skin, haunch muscle, some ribs, a kidney,
and a piece of small intestine were consumed. A caching
trip of 20 minutes was then undertaken, and in the en-
suing 2 hours, meat from the backbone, rib cage,
haunch, and legs was eaten, and the lungs were removed.
In the next 2 hours, meat from the ribs and a leg was
eaten; then the carcass was left for 4 hours, presumably
while the wolves slept. They returned to feed over a 3-
hour period on muscle from the ribs and hindquarters
plus mesenteries. After 10 hours, part of the heart was
eaten and the remainder cached, the lungs were eaten,
and another caching trip was undertaken.

After choice organs are consumed, the large muscle
masses associated with each leg of a prey animal provide
the bulk of the food consumed by wolves. At a fresh kill,
wolves typically eat until their sides are distended and
their stomachs are packed. Young and Goldman (1944)
recorded a wolf stomach containing 9 kg (19 pounds)
of food. The stomach of an Alaskan wolf weighed by Pe-
terson contained 7 kg (15 pounds), and a Minnesota wolf
had a stomach weighing 10 kg (22 pounds) (L. D. Mech,
personal communication). These stomach weights,
probably typical for wolves after first feeding, represent
up to 25% of body weight.

In winter, wolves with full stomachs usually collapse
and sleep for at least 5 hours, usually at midday, some-
times traveling some distance to find a suitable location.
Such extensive rest after gorging probably aids digestion
(Mech 1970). In the Alaskan Arctic, most wolf feeding
was concentrated between the hours of 0600 and 1200,
while resting predominated between 1200 and 1800
(Magoun 1976). Wolves with distended stomachs usually
lie on their sides rather than curling up. If they have not
already been satiated, subordinate wolves have ample
time while the dominant wolves are resting to tear off
parts of a prey carcass, and they may search out a nearby
ridgetop or tree canopy to eat in relative seclusion.
Wolves usually rest less than 100 m from their kills,
where they can still scare away a gathering mob of scav-
engers, but parts of a kill may be distributed at den sites
tens of kilometers distant or buried in caches away from
the kill.

For a pack of fifteen or sixteen wolves, a second feed-
ing on a moose carcass typically occurred about 6 hours
after the first feeding (Mech 1970). After a second feed-
ing, only bones would typically remain, but these would

keep the wolves in the vicinity for a second day. In win-
ter, smaller packs may remain around a kill for several
days.

Wolves are not fed by meat alone; in fact, they require
the less palatable or less accessible portions of their prey
in order to maintain a balanced intake of nutrients. To
grow and maintain their own bodies, wolves need to in-
gest all the major parts of their herbivorous prey, except
the plants in the digestive system.

The liver of prey may be the most important or-
gan for wolves to eat, based on the variety of vitamins
and minerals it provides (table 4.3). Wolves can synthe-
size some vitamins, such as vitamin C (which humans
cannot), if their diet is inadequate. Like the nearby liver,
the lungs and heart are quickly consumed by wolves.
The high palatability of liver and lungs from ungulate
prey is exploited by several wolf-prey parasites, notably
Echinococcus and Taenia tapeworms, which encyst in
prey lungs and liver, respectively, preparatory to being

TABLE 4.3. Important nutritional derivatives from constituents of

wolf-killed prey

Prey item Nutritional benefits

Liver B vitamins

Liver Vitamin A, for integrity of epithelial and
mucosal surfaces

Liver Source of copper, zinc, manganese, required for

many enzyme systems
Brain, liver,
kidney, heart

Essential fatty acids, for skin and membrane
integrity, nervous tissues, retinal pigments,
prostaglandins

Muscle Protein, important for body structures (nerves,
muscle, blood) and as a source of energy;
also a minor source of fat

Fat Source of energy and essential fatty acids, and

essential for absorption of fat-soluble vita-
mins (A, D, E, and K)

Bone Calcium and phosphorus, the main compo-

nents of the skeleton

Hair Speeds passage through intestinal tract, possibly

a source of minerals such as zinc and man-
ganese (if digestible)

Blood

Digestive tract

Source of protein and water

Stomach and intestinal wall are sources of fatty
acids; microflora may be source of biotin
(B complex), required for maintenance of
skin and hair

Sources: Meyer and Stadtfeld 1980; Rivers and Frankel 1980; Bradshaw and
Thorne 1992.



consumed by wolves and hatching into adults (see Kree-
ger, chap. 7 in this volume).

Bones from prey are required by wolves as the major
source of calcium and phosphorus for the maintenance
of their own skeletons. Bones, in fact, are a surprisingly
well-balanced food for canids. In the nineteenth cen-
tury, dogs experimentally fed only tendons died, but
dogs fed only fresh bones thrived for long periods (Mc-
Cay 1949). Single wolves, which often scavenge to stay
alive, may not see a fresh kill for weeks, yet they main-
tain themselves on a diet of bones from old kills. Fresh
bone, if replete with fatty marrow, may contain 15—
20% protein and an equivalent amount of fat (McCay
1949).

No soft portion of a prey carcass is ignored by hungry
wolves, and seemingly obscure parts may be important
sources of required nutrients or aid in processing other
portions. Brain tissue contains the highest amount of
polyunsaturated fatty acids (PUFAs), some of which are
required for body maintenance. Thus brains of prey are
inevitably eaten, so long as wolves are able to break open
the skull. They invariably do so with calf moose, and in
a case observed by L. D. Mech (personal communica-
tion) in Alaska, they even managed to open an adult cow
skull.

If the stomach of a large prey animal freezes before
wolves find the carcass (e.g., if it died from starvation,
accident, or earlier wounding by wolves), the wolves
commonly consume the entire stomach wall by labori-
ous nibbling with their incisors. Mucous membranes, an
important component of ungulate stomachs, intestines,
and snouts, are a vital source of essential fatty acids.
Muscle tissue contains only about 1% of its maximum
metabolizable energy as isomeric p-EFA’s (essential fatty
acids), while the heart contains 3—4%, the liver 4—7%,
and the brain over 11% (Rivers and Frankel 1980).

Food Passage Rate and Digestibility

If wolves were to be judged as domestic dogs are, they
would probably rank as dysfunctional feeders. The irreg-
ular, very large meals ingested by wolves commonly re-
sult in very liquid, diarrhea-like feces. The rapid passage
of chyme through the digestive system is associated with
osmotic imbalance, stimulation of secretion and gut
motility, and inhibition of nitrogen and water absorp-
tion, all of which lead to increased water content in feces
(Blaza 1982).

The first scats after a kill are usually black and runny,
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reflecting the initial meal of only body organs and
muscle (Mech 1970; Jhala 1993). Judging by the popular-
ity of wolf scat consumption among attentive ravens
near wolf kills, the dark, liquid scats reflect poor diges-
tive efficiency in wolves after large meals. This inef-
ficiency is thought to result from ingestion of large
quantities of protein, the decomposition of which pro-
duces organic acids and ammonia, which may restrict
sodium-dependent enzymes (ATPases) in the intestinal
wall and lead to sodium upset and therefore reduction in
water absorption (Meyer et al. 1980).

Easily digestible items pass through the digestive tract
more slowly than do foods with indigestible compo-
nents. When the proportion of raw fiber in the diet of
dogs was experimentally increased from near zero to 8%,
passage time was reduced from 60 —70 hours to 35 hours,
primarily because of more rapid passage through the
large intestine (Meyer et al. 1980). Wolves may attempt
to mix their food with indigestible components. Peter-
son has seen them shear off mouthfuls of hair from
moose just after making a kill but before tearing into soft
tissues. A rapid passage rate would allow wolves to empty
the gut and feed again, minimizing losses to scavengers
(see also Ballard et al., chap. 10 in this volume)

Gut clearance time for wild wolves has not been ade-
quately documented. On Isle Royale, most kills are made
during the night, and in the morning the wolves are
found sleeping after their first feeding. They usually arise
and feed again before the day is over, so passage time
may often be as short as 12 hours (R. O. Peterson, per-
sonal observation). In captive wolves, 8 hours was the
minimum time required for production of feces after
feeding (Floyd et al. 1978), and all scats from a given
feeding cleared the system within 48 hours (Kreeger et al.
1997).

Hide and bones are the final portions of a prey carcass
to be consumed. The extent to which these portions are
eaten is a rough indicator of prey vulnerability (Pimlott
et al. 1969; Mech and Frenzel 1971a; Mech et al. 2001). If
an adult moose carcass is left with the skeleton disartic-
ulated, the leg bones heavily chewed on the ends, and all
hide consumed from the distal portions of the legs down
to the hooves, then moose vulnerability is relatively low
(though normal). At the other extreme, if the skeleton is
still articulated and hide remains on the skull, the lower
half of the legs, and the underside of the carcass, then
wolves are finding vulnerable prey without a great deal
of difficulty. Of course, pack size will influence the de-
gree of prey utilization. Large packs with more than ten
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wolves feeding on moose rarely leave much hide un-
eaten, except on the lower portion of the legs.

The wolf’s diet, except for hair and bone, is highly di-
gestible— generally in excess of 90%, based on experi-
ments with dogs (Meyer et al. 1980). Fat is the most thor-
oughly digested component of the diet (97%), followed
by protein (93%). As food intake increases, digestibility
drops by a few percentage points. When dogs were fed
daily on a balanced diet amounting to 2.6% of their
weight, digestibility was 93%, but when their intake in-
creased to 5.2% of their weight, digestibility dropped to
90%. The effect of doubling the intake of food, then, was
a near-tripling of feces production.

Food Requirements

Three important calculations for converting docu-
mented kill rates of prey into food consumption rates for
wolves are the amount of food provided by prey car-
casses of various types, the amount of food lost to scav-
engers, and the amount of food cached to be eaten later.
None of these subjects has received much attention. Pe-
terson (1977) weighed the rumen contents from a moose
carcass—its largest inedible component—and esti-
mated the weight of the hide and skeleton that are typi-
cally not consumed. He suggested that about 75% of
an adult moose could be eaten by wolves (or scavenged
by other species). C. Promberger (unpublished data)
weighed the remains of seven wolf-killed moose the day
after wolves had left them. Based on whole weights of
Alaskan moose (400 kg or 880 pounds for adult males,
350 kg or 770 pounds for adult females, 250 kg or 550
pounds for yearlings), about 35% of the carcasses re-
mained. Jedrzejewski et al. (2002) estimated that wolves
consumed 65% of total prey mass for large prey with a
body mass exceeding 65 kg (143 pounds). Additional
measurements would be useful, particularly for other
large prey species for which consumption is incomplete.

C. Promberger (unpublished data) pointed out that
evaporation and loss of blood would further reduce the
edible mass of prey. Assuming similarity to domestic
cows, the blood volume of ungulate prey would make
up 6—10% of whole weight (McCay 1949). For one Isle
Royale moose weighing 360 kg (792 pounds), R. O. Pe-
terson (unpublished data) estimated total blood and
fluid loss during dissection (a process not unlike the
feeding of wolves) to be 27 kg or 59 pounds (or almost
8% of whole weight). On the other hand, rarely is that

amount of blood found around a moose kill (L. D.
Mech, personal observation). The largest variation
should come from the degree to which hide and bone are
consumed. The skin and skeleton together constitute
about 25% of the whole weight of all mammals, regard-
less of size (Calder 1984).

The extent to which caching could modify estimates
of food consumption is unknown, but it could be quite
important. As indicated above, wolves sometimes cache
large quantities of food from fresh kills. In such cases,
estimates of food consumption based on amounts re-
moved from a carcass could be grossly inflated (Mech
and Adams 1999).

Basal Metabolic Rate

We can estimate wolf food requirements from equations
relating energy requirements to body mass for mam-
mals. The daily basal metabolic rate (BMR) in kcal /day,
measured for a fasting and resting animal within its ther-
moneutral zone, is related to body mass (W) in kg by the
following equation (Kleiber 1961):

BMR = 70W %7

For a 35 kg (77-pound) wolf, BMR is thus estimated to be
1,007 kcal/day, or 175.4 kJ/hr (1 kcal = 4.18 k]). Experi-
mental estimates for adult wolves (Okarma and Koteja
1987) range from 154 to 173 kJ/hr (see Kreeger, chap. 7
in this volume). Assuming an average energy content of
7.7 kJ/g for prey carcasses (Glowacinski and Profus
1997), a BMR requirement of 1,007 kcal /day corresponds
to 0.55 kg (1.2 pounds) prey/day. However, even a resting
animal will not be maintained by a diet equaling BMR,
because some chemical energy is lost during ingestion,
digestion, and assimilation; some is excreted in urine,
expelled as methane, or lost undigested in feces; and
some is used to produce additional heat in a fed animal
(as compared with a fasting animal) (Kleiber 1961). As-
suming digestibility of 93% and 10% loss of energy in
urine (Gorman et al. 1998), then 0.65 kg (1.4 pounds)
prey/day is required for wolf basal metabolism.

Food intake providing 2—4 times the BMR is re-
quired for active wild mammals (Weiner 1989), but this
figure may be low for a cursorial predator such as the
wolf. Kreeger (see chap. 7 in this volume) estimated that
wolves burn calories at a rate of 4.6 times BMR. The
painted hunting dog of Africa, with a similar lifestyle,
expends about 5.2 X BMR during its normal activi-
ties (Gorman et al. 1998). Considering these findings, we



estimate the minimum daily energetic requirement for a
wild wolf to be about 5 X BMR, approximately 3.25 kg
(7.2 pounds)/wolf/day (for a 35 kg animal), or 0.09 kg
per kilogram of wolf per day. Wolves might survive on
less, but withdrawal of body reserves would be necessary.

Our estimate amounts to 25,025 kJ/wolf/day, com-
pared with 47,100 k]/day expended by Alaskan sled dogs
during a 3-day, 490 km race. Painted hunting dogs
burned energy at a rate of 25 X BMR while actively chas-
ing prey (Gorman et al. 1998). Additional indirect mea-
surements of food consumption or energy requirements
provide some comparisons with these estimates. Glowa-
cinski and Profus (1997) summarized estimates of field
metabolic rate (FMR) for carnivores of different sizes.
For a wolf weighing 35 kg, an energy requirement of
21,300 kJ/day was estimated, corresponding to 2.8 kg
(6.2 pounds)/day/wolf (assuming 7.7 kJ/g for prey).

Comparisons of food requirements among species
are possible if energetic demand is expressed in terms of
“metabolic body mass,” or mass raised to the 3/4 power.
As body size increases, energetic demand per unit mass
declines. Our estimated requirement of 25,025 kJ/wolf/
day then becomes 1,750 kJ/kg®”*/day for a 35 kg wolf. In
comparison, human bicyclists in the grueling 22-day,
3,826 km (6,122-mile) Tour de France race expended
about 1,200 kJ/kg"”*/day, and Robert Scott and his ill-
fated colleagues burned about 860 kJ/kg’”’/day while
hauling sledges toward the South Pole (Hammond and
Diamond 1997). Yet wolves seem almost lethargic com-
pared with hummingbirds (1,900 kJ/kg®”/day) or labo-
ratory mice with large litters of young (3,900 kJ/kg®”*/
day) (Hinchcliff et al. 1997).

Our minimum daily energy requirement estimate of
3.25 kg/wolf/day (s X BMR) is higher than most early
estimates of wolf food requirements based on estimated
food consumption in captivity and in the wild. Mech
(1970) reported that wolves in captivity could be main-
tained on 1.1 kg (2.4 pounds)/wolf/day, while Kuyt (1972;
cited in Mech 1977a) found that 1.7 kg (3.7 pounds)/
day was sufficient for maintenance and reproduction in
captivity. In contrast, early estimates of food consump-
tion for wild wolves ranged from 2.5 to 6.3 kg (5.5—
13.9 pounds)/wolf/day (Mech 1966b; Mech and Frenzel
1971a). Our estimate of 3.25 kg/wolf/day compares favor-
ably with the finding that when food availability for a
Minnesota wolf pack fell below an estimated 3.2 kg (7.0
pounds)/wolf/day, productivity or survival declined
(Mech 1977b). An important research need to allow bet-
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ter expression of wolf food requirements on an energetic
basis is to determine the caloric content of different prey,
as well as of different body components of large prey.

Food Consumption Rates

With the help of radiotelemetry, food consumption has
now been estimated many times for wolves in the wild,
based on efforts to record all kills made by packs of
known size (table 4.4). For eighteen studies in North
America, average estimated daily food consumption (or,
more correctly, availability) was 5.4 kg (11.9 pounds)/
wolf/day, or 0.14 kg/kg wolf/day (SE = o.01 kg or 0.02
pounds), similar to an estimate of food consumption in
eastern Poland of 5.6 kg (12.3 pounds)/wolf /day (Jedrze-
jewski et al. 2002). The North American estimates corre-
spond to a low of 0.06 kg/kg (0.06 pounds/pound)/
wolf/day (Fuller 1989b) and a maximum of 0.29 kg/kg
(0.29 pounds/pound)/wolf/day (Hayes 1995).

Another estimate of food consumption used “fallout
cesium,” Cs, from atmospheric testing of nuclear
weapons in the 1950s and 1960s. Holleman and Stephen-
son (1981) estimated a mean daily intake of only 0.62 kg
(1.36 pounds) per wolf, although individual intake rates
were as high as 3.0 kg (6.6 pounds) per wolf. In this case,
the wolves probably had a more diverse diet than as-
sumed, particularly in summer, thus diluting the as-
sumed '*’Cs levels; also, non-muscle tissues have much
lower Cs levels than muscle tissues.

The proportion of a carcass lost to scavengers, or
cached for later use, must be subtracted from the above
consumption estimates. The loss to scavengers is pri-
marily dependent on pack size—large packs lose little,
while small packs may lose half or more of their kill
(C. Promberger, unpublished data). This variation can
be illustrated by examining the range of estimates of
food availability for wolves on Isle Royale (fig. 4.8): the
smaller the pack, the larger the estimate of food avail-
able (although not necessarily consumed) per wolf. This
finding may mean that smaller packs lose much more of
their food because they take longer to handle carcasses,
so that scavengers have more time and opportunity to
remove parts of the prey (C. Promberger, unpublished
data).

Estimates of food availability for 158 wolf packs (see
fig. 4.8), measured almost entirely in winter, confirm
that food availability per wolf declines as pack size in-
creases (Thurber and Peterson 1993; Schmidt and Mech
1997; Hayes and Harestad 2000b; but see Jedrzejewski
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TABLE 4.4. Estimated winter food availability from wolf-killed ungulates in North America

. Mean availability
Major prey
species Location kg/wolf/day  kg/kg of wolf/day Reference
Deer Ontario 2.9 0.10 Kolenosky 1972
Deer Minnesota 2.9 0.10 Mech 1977a
Deer Minnesota 2.9 0.09 Fritts and Mech 1981
Deer Minnesota 2.0 0.06 Fuller 1989b
Dall sheep Yukon 3.0 0.08 Sumanik 1987
Caribou Alaska 6.9 0.16 Dale et al. 1995
Elk Manitoba 6.8 0.21 Carbyn 1983b
Elk Yellowstone 6.1-17.1 — Mech et al. 2001
Moose Isle Royale 4.4-6.3 0.13-0.19 Mech 1966b
Moose Alaska 4.5 0.11 Haber 1977
Moose Isle Royale 7.2 0.22 Peterson 1977
Moose Alberta 5.5 0.14 Fuller and Keith 1980a
Moose Alaska 4.8 0.12 Peterson, Woolington, and
Bailey 1984
Moose Quebec 2.2 0.07 Messier and Créte 1985
Moose Alaska 7.1 0.18 Ballard et al. 1987
Moose Isle Royale 4.9 0.15 Peterson and Page 1988
Moose Yukon 11.4 0.29 Hayes 1995
Bison Alberta 5.3 0.14 Oosenbrug and Carbyn 1982
o U7 * Isle Royale moose — Surplus Killing of Prey
55 5] ° & o Ofther studies ———- When wolves kill prey frequently and eat little or none of
8 3 20 ° ° v Deer - the carcasses, they are said to be engaging in “surplus
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FIGURE 4.8. Food availability in relation to pack size for wolves
preying on moose on Isle Royale (N = 82), wolves preying on white-
tailed deer (N = 27), and all other packs studied (N = 58), with ex-
ponential decay equations fitted to each data set (> = .26, .10, and
.57, respectively). Also shown is the estimated food requirement

(5 X BMR, or basal metabolic rate; see text). Note that the deer pre-
dation rate may have been underestimated. (Data from Schmidt and
Mech 1997.)

et al. 2002). It has been hypothesized that the ultimate
explanation for group hunting in wolves is that breeding
pairs can efficiently direct the short-term food surplus
from their kills toward their offspring— food that would
otherwise be lost to scavengers (Schmidt and Mech 1997;
see also Mech and Boitani, chap. 1in this volume).

Loss to Scavengers and Other Predators
Wolf-killed prey are a food bonanza for many species be-
sides wolves. Wolf-scavenger relationships are old and
well established on evolutionary time scales, and have
mutual influences on behavior and ecology. Stahler et al.
(2002) confirmed an intimate relationship between
wolves and ravens in Yellowstone that probably reflects a
shared evolutionary history. Ravens preferred to associ-
ate with wolves, rather than being found with other spe-
cies or at random points in the landscape, and they in-
variably found wolf-killed prey within a few minutes
after the kill was made.

C. Promberger (unpublished data) documented the
potential extent of scavenging on wolf kills and mea-
sured carcass removals by scavengers in the Yukon and



Northwest Territories of Canada. Of sixteen species of
vertebrate scavengers, twelve were present in winter,
typically showing up a day or more after the kill. During
summer, both black bears and grizzly or brown bears
are important scavengers. In winter, the raven emerged
as the dominant scavenger in northwestern Canada
(C. Promberger, unpublished data). Ravens and gray
jays were consistently among the first scavengers to ap-
pear at test carcasses, and the importance of ravens grew
as their numbers swelled to dozens of birds per carcass.
While a territorial pair of ravens does not advertise the
presence of a carcass, the carcass is soon discovered by
other ravens on patrol, which attract more ravens with
their calls and mob the local pair (Heinrich 1989). Up to
135 scavenging ravens were recorded on a wolf-killed elk
in Yellowstone (Stahler et al. 2002), and they removed up
to 37 kg (81 pounds) per day from fresh moose carcasses
in the Yukon (fig. 4.9). As many as ten red foxes were ob-
served simultaneously at a wolf-killed moose on Isle
Royale (Peterson 1977), and six coyotes on wolf-killed
elk in Yellowstone (L. D. Mech, personal communica-
tion). The scavenging significance of wolf-killed prey is
not limited to vertebrate macrofauna; over 400 species
of beetles were associated with elk carcasses in Yellow-
stone (Sikes et al. 1995).

C.Promberger (unpublished data) estimated the pro-
portion of a moose carcass removed by scavengers, as-
suming that wolves each consumed 10 kg (22 pounds) on
the first day and 6 kg (13 pounds) on subsequent days.
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FIGURE 4.9. Numbers of ravens and their estimated removal of
biomass from moose carcasses over time. (From C. Promberger, un-
published data.)
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FIGURE 4.10. Proportion of prey carcasses lost to scavengers in re-
lation to wolf pack size. (From C. Promberger, unpublished data.)

The larger the wolf pack, the less would be lost to scav-
engers. By this analysis, a lone wolf might lose two-thirds
of a moose kill to scavengers, and a pair of wolves, half of
their kill, while a pack of ten wolves would lose only
about 10% (fig. 4.10).

Research Needs

While we have a good understanding of wolf food con-
sumption (or at least availability) in winter, little is
known about food intake in summer. Do the reduced
weights of wolves in summer measured by Peterson,
Woolington, and Bailey (1984) reflect reduced food
availability, precisely at a time when the demands of
growing pups reach a peak? Or are they merely a result
of an internal seasonal weight cycle (Seal and Mech
1983)? Jedrzejewski et al. (2002) recently applied novel
field techniques to estimate year-round food consump-
tion of wolves.

The physiology of fasting in general is poorly under-
stood in the wolf, a species well adapted to a feast-or-
famine existence. The energy content of various prey
and parts of prey should be better documented in an ef-
fort to put estimates of wolf energetics on more solid
footing. Loss of food to scavengers needs to be docu-
mented across the range of prey types and wolf distribu-
tion. Likewise, biomass models for conversion of occur-
rence data in scats should be extended to include more

prey types.
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